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EDITORIAL NOTES. 


ARCHITECTS AND TENDERS FOR REIN FORCED CONCRETE. 


‘ 


E frequently hear from reinforced concrete '' specialist ” firms, as also 

from building contractors, that successful tendering for reinforced con- 

crete work, on the invitation of architects, has become very much a 
matter of chance. Further, contractors and specialists who are prepared to take 
undue risks, or have little or no practical experience, are stated to have the 
advantage over firms of standing who have a reputation to uphold. 

The cause of this trouble we find to be due—firstly, to the absence of any 
specific understanding that certain general conditions as to design and execution 
are to be observed by the parties concerned ; and, secondly, owing to architects 
not giving full particulars of the work they require when issuing their requests 
lor designs and prices. 

STANDARD CONDITIONS. 

As to the general conditions, it should be a simple matter for architects to 
specify that the rules of the Royal Institute of British Architects are to be 
strictly adhered to, and the firm tendering should, in writing, be given to under- 
stand that there will not only be the supervision by the architect, but also by a 
consulting engineer ; that specimens of the materials provided will be tested from 
time to time, and that work will occasionally be opened up for inspection. 

Regarding the absence of particulars, however, we hold that architects’ 
specifications and instructions require more thought and care than architects, 
às a whole, are wont to give to the subject at present. Мапу of the instructions 
sued from architects’ offices are crude in the extreme, and quite incomplete, 
and they, unfortunately, also frequently bear evidence of extraordinary ignorance, 


MORE PARTICULARS WANTED. 

Of the various letters of complaint received from “ specialists," we present 
| W extracts from a well-reasoned communication, which clearly indicate the 
ML that the contractors have to put up with. Shortcomings of the 
K are inexcusable, and are due either to sheer laziness or to that 
Шу a ignorance of engineering questions common to so many architects, 
Profession e their calling solely as an art and not, as they should, as a technical 

^^ Nor will the artist-architect go to the expense of obtaining proper 
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engineering advice when entrusted with work of an eminently technical 
character such as, say, a reinforced concrete warehouse. 

We should not be going too far in saying that there is scarcely one artist- 
architect in a hundred who is thoroughly conversant with the essentials for a 
specification of structural engineering work, whilst the few who know anything 
as to the true aspects of reinforced concrete are necessarily evenrarer. Unfor- 
tunately, even when desirous of obtaining information on the subject which is a 
comparatively new one, they are hampered by an absence of reliable data, for, 
with the exception of those of the Royal Institute of British Architects, or 
those to be found in a journal such as ours, there are only a few books available 
—for the most part of the ‘‘scissors and paste" order—and the catalogues 
issued by interested parties. 

INDEPENDENT CONSULTANTS. 

This absence of information, and of suitable literature, however, makes 
the shortcomings of the architects no less inexcusable, for there is ample 
engineering advice available outside the ranks of the "specialists," and 
any sensible building employer will, as a rule, either bear the whole expense 
or contribute towards a consulting fee if the architect tells him that a civil 
engineer should also be engaged on the work. Even if an architect cannot obtain 
the engineering assistance he desires, there is no reason why he should not, 
however, be able to provide fuller data than he often gives at present. The 
‘ specialists " or contractors who are preparing designs and tendering have а 
right not only to complete data, but also to absolute equality as to the 
information issued. 

It is, of course, natural that there should still be much lacking in the proper 
relation between architect, specialist and contractor on a subject so new to 
this country as reinforced concrete. Thus it would be well if some of the 
institutions concerned, as for instance the Concrete Institute, were to set to 
work to prepare and issue some short, useful code as to the points of import- 
ance in actual practice of design, in the preparation of drawings, conditions of 
tendering, specifications, quantities, and in the conditions of supervision and 
tests. The equitable principles of every-day practice want codification. 

CHARACTERISTIC COMPLAINTS. 

The letters which have been the direct cause of the above remarks contain 
well-merited strictures upon the laxity of architects in matters relating to 
reinforced concrete. The extracts from some of them given below should be 
interesting reading. For obvious reasons our correspondents desire to remain 
unnamed. 


No. 1. PARTICULARS AS TO SUPERLOAD. 

“ We often receive from architects a general design of a building, for which we are 
asked to provide reinforced concrete floors without any indicated superload, which 
means that we have to write for information, and wait until we have received same 
until we can proceed with the scheme. This means a loss of time to the architect, to 
the contractor, and to ourselves, and it has the effect, in certain cases, of preventing our 
getting out our scheme within the time specified by the architect. 

“The lack of this particular information, however, has another serious disadvantage, 
namely, that in compctition, if the designers are left to provide the superload themselves, 
they will, in all probability, provide for different loads, and as the cost of a reinforced 
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concrete floor is much affected by the weight of the superload, there is a resulting 
di«repaney in the prices, which are not, of course, all upon the same basis. 

"We also Bind that in certain cases the infarniation concerning the load to be carried 
by the floors of a building is meant bv the architect to embody the actual dead load of 
the floors... . X misunderstanding on such a vital point is, of course, fatal, but we have 
known it to occur. 

“While we are on the subject of superloads, wc may mention that not infrequently 
we have been requested by architects to provide for a test load of 100 per cent. in excess 
of the superload which thev indicate, and thev stipulate that this test must not produce 
any permanent set in the beams. Our contention is that this is practically an im- 
possibility, and as vou are no doubt aware, the tests of floors of constructions in rein- 


forced concrete, in a general sense, are not usually made with more than зо per cent. 
of the superload. " 


No. 2. PARTICULARS AS TO GROUND. 


“Another point of vital importance, which seems to escape the notice of a consider- 
able number of architects, is the necessity of specifving the bearing capacity of the 
ground, or thinking it sufficient to simply state the nature of the same, leaving the 
specialist designer to provide whatever he thinks fit. Obviously, this has the same 
result in competitive designs as the above-mentioned question of superloads, namely, 
that the schemes are not all on the same basis. | 

“The bearing capacity of the ground should be given bv the engineer or architect 
of the work in tons per sq. ft., and if there is any doubt about this question, a practical 
experiment should be made by loading up the ground. 

“We may sav here that the question of the bearing capacity of the ground does not 
appear to us to be given sufficient attention, and we have frequently found that Ather 
the ground would stand very much more than the amount specified, or else that the 
ground is assumed as capable of a greater resistance than what is actually confirmed by 
the results obtained after the building has been erected.” 


No. 3. THE FACTOR OF SAFETY. 


007 We frequently find that no factor of safety is stated by the architect, ог work- 
ng stresses for the steel and concrete, nor are we asked to apply, for our calculations, 
the rational methods as applied to the strength of materials, or as stated by the Reports 
of the Roval Institute of British Architects, so that the scheme of one firm of specialist 
reinforced concrete designers may be compared, by the architect, with the scheme of 
another firm, where there should not be апу comparison possible, owing to the fact that 
one of the firms may have prepared its scheme bv applving the rational methods, which 
may be mathematically proved, and also the working stresses for the steel and concrete 
approved of by the usual rules and practice established by experts, whereas the other 
hrm may have simply employed empirical formulae, which cannot be rationally proved, 


cr higher working stresses for the materials than those established by the ordinary 
rules of the profession. 


No. 4. MOVING LOADS. 


It is not unusual for an architect to state that the structure will have to carry a 
Moving load of a certain number of tons without giving us the wheel base, or if the 
FRA base is given the distance between the wheels is not given, or the width 

of the wheel is not mentioned, or sometimes we are told that the work will 


have to s : : : 
th E АВА the load of a crane without any further particulars as to weight ог any- 
ing else, i 


AN ATTEMPT TO DISPARAGE REINFORCED CONCRETE. 


ADVERSE criticism from one who is feeling the pinch of competition is at so great 
à discount, and is so open to retaliation, that we should have thought any trade 
jumal in England would have had better sense than to adopt a policy that 15 
E seen in newer countries. Therefore, we deplore the fact that our 

contemporary, The British Clayworker, in its November issue, should 
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have fallen from grace in attacking a material that sometimes enters into com- 
petition with clay products, in an article entitled “ Some Disadvantages of 
Reinforced Concrete: Its Comparison with Brick Construction." Perhaps it 
has been thus led astray by seeing the violent diatribes of journals devoted to 
clay interests that are published in the United States. We should ignore the 
article were it not that mud sometimes sticks, and we feel it our duty to remove 
it. At all events, we do not propose emulating the paper in question by 
retorting with a recital of some of the disadvantages of brick and terra-cotta. 

Our contemporary gives away his case at the beginning by admitting that 
the use of reinforced concrete may be justified in the case of reservoirs, retaining 
walls, and works of like nature, and by admitting that “ the economy and 
efficiency of reinforced concrete for such purposes as floor slabs and flat roofs 
is unquestioned," but '' the weightiest objections, with few or no corresponding 
advantages, tell against its use in building construction." It is, at any rate, 
something to have a clay exponent admit that for floors and roofs reinforced 
concrete possesses the advantages of economy and efficiency. Our contemporary, 
after that lucid introduction, then seems to get a little mixed, for it talks next 
about ''ineffectiveness from an architectural standpoint and unsuitability as a 
weathering material alone," and that it '" cannot compete as regards time, and 
rarely as regards cost, with steel and brickwork construction," and goes on to 
assert that “ {гот an engineering point of view, the theory (as applied to building 
construction) is open to criticism," because of questions of indeterminate stresses 
due to variations in temperature and slight inequalities in settlement. Its chief 
aim appears then to argue in favour of brick walls, and it drags in steelwork 
construction, and rushes headlong, illogically, to deny the economy it has 
already admitted. 

We can hardly accept our contemporary as an authority on structural 
engineering—clay experts cannot be thus reproached—so we can understand 
it, in ignorance, making that reservation about ''building construction ” 
not being the subject of the same engineering theory. We—poor mortals 
—imagined that the science of engineering applied equally to all structures, 
and that buildings contained the same problems of design as other work 
to the construction of which reinforced concrete is applied. Our contemporary 
is really enlightening when it says: “In fact, engineering calculations 
cannot be made with anything approaching a degree of precision with steel- 
frame design. A great deal must consequently be left to the judgment of the 
designer, which in itself constitutes а grave source of danger, not to mention 
the endless controversy it is likely to occasion." We are glad to learn that 
the structures our contemporary admires were not the subject of judgment 
on the part of their designers—designers should beware of the exercise of 
judgment, it is “ a grave source of danger "— not to speak of “ controversy.” 

Speed in construction is not, as is asserted, in favour of steel-frame construc- 
tion. There are, one would have thought, sufficient examples to have almost 
warranted an assertion to the exact reverse, generally speaking. 

Again, reinforced concrete columns are usually smaller than fireproofed 
steel ones, and reinforced concrete is usually less bulky than protected steel- 
work, and girders can be made as shallow, and often shallower, than steelwork. 
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К: CONSTRUCTIONAL AN ATTEMPT TO DISPARAGE CONCRETE. 
Our contemporary does not appear to have heard of T-beam construction, nor 
of compressive reinforcement in beams. 

Then follows a recital of the difficulties of constructing reinforced concrete, 
with the many points requiring careful workmanship. Evidently a specification for 
reinforced concrete has been studied. One would almost have thought that our 
contemporary would have expressed surprise that work requiring so much detailed 
consideration could have been done with economy, and have competed so strongly 
as it evidently does with brickwork. But, perhaps, in its privacy it has compared 
_that specification with one for similar brickwork and steel-frame construction, 
which really would go into as much, and perhaps more, detail, and required 
much the same materials with just as many points for anxious consideration in 
order to ensure efficiency. We can only suppose it has forgotten that опе con- 
struction is as complicated as the other, with restrictions and regulations that 
must have proper attention in order to secure good workmanship. Architects 
and engineers find it as necessary with the one as with the other to have a 
watchful clerk of works. | 

Аз regards weathering, concrete can be as badly made as bricks, but there 
are numerous examples of concrete executed by the Romans which are in a fair 
state of preservation, and the Portland Cement of to-day is far superior to 
Roman lime and puzzolana. 

We call the attention of our contemporary, who finds it “ difficult to conceive 
how concrete can even be made impervious to water,” to the fact that water tanks, 
aqueducts, and high-pressure water mains of reinforced concrete are known. 

| Fire resistance is, we agree, an important subject, and we can point to the 
reinforced concrete buildings which have been subjected to trial, along with brick 
and steel-frame structures, in numerous large conflagrations as evidence. We 
only ask for the impartial consideration of the facts ; we are content to leave it at 
that, for we believe in theory being based upon facts, and not in theory being 
used to disguise facts, | 
| We аге glad our contemporary finds consolation in concluding by saying : 

Having regard to all these circumstances, it would appear that brickmakers 
liave no reason to fear the extensive use of reinforced concrete in the near future.” 
We, too, find consolation in learning that our contemporary thinks as we do 


that concrete will be extensively used in the near future, and, we might add, as 
it 1s being used at present. 


BOGUS EXPERTS IN REINFORCED CONCRETE. 


Various communications have reached us, particularly from the provinces, 

М to the necessity of protecting the building owner from what we would term 

the bogus experts in reinforced concrete. 

ic old days of the introduction of electricity, when every country 

NS а he might safely undertake electric wiring, D to-day all manner 

| ет to be confident in their ability to either design reinforced соп- 

crete Work or to execute it. 

3 е highly skilled civil engineer of repute fears to tread in matters 
, the less responsible, and frequently entirely irresponsible failure in 
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the engineering profession seems to be prepared to take upon himself the 
solution of the most difficult problems of reinforced concrete design. Far be 
it from us to wish to infer that there are any great secrets in the designing of 
reinforced concrete work. Any well-trained civil engineer should be able to 
master the subject for all practical purposes in а year, but this does not mean 
that any unsuccessful civil engineer can master the subject in that time, or that 
he is at all a suitable person to take up designing of this responsible 
description. 

What is, perhaps, a more serious matter is the danger of the incompetent 
contractor who puts in '' cutting prices °’ when tendering and knows little or 
nothing about the character of the work for which he is competing. 

The extraordinary note-paper headings that find their way into this office 
would be amusing were there not a very serious aspect to the question. Just 
as there are, in quite a number of cases, gentlemen describing themselves as 
'" architects, surveyors, engineers, concrete specialists, estate agents, 
auctioneers and undertakers,’’ we have on the industrial side firms describing 
themselves as °“ painters, decorators, builders and concrete contractors,” and 
sometimes even as ''coal merchants and concrete specialists," and various 
other curious combinations. 

The matter is one which should have the careful attention. of the pro- 
fessions and industries concerned. We hope it will be possible later on for a 
society such as the Concrete Institute to do something in the matter. It is, 
in any case, an extremely difficult problem, as only a certain proportion of 
civil engineers and architects belong to the Institution of Civil Engineers and 
the Royal Institute of British Architects respectively, and there is nothing in 
the building trade that would be the counterpart of, say, the licensed plumber. 

It is, however, to be hoped that some means will be found to protect the 
building owner as far as possible from bogus specialists and ignorant con- 
tractors, and it is certainly a matter that should have carly attention, if the 
use of reinforced concrete is to become thoroughly popular. 
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WATERPROOFING CONCRETE. 


(Contributed.) 


As a great deal of attention has been given from time to time to the subject of the 
waterproofing of concrete, the article we are now publishing should prove of great interest. 
There are very many divergent opinions on this subject, and we shall gladly open our 
columns to correspondence in connection therewith. —ED. 


Ix the May, 1908, and July, 1910, issues of CONCRETE AND CONSTRUCTIONAL 
ENGINEERING there appeared articles on the subject of the waterproofing of Portland 
cement concrete. The conclusion arrived at in the article in the May, 1908, issue 
rather indicated that the writer (Mr. W. Laurence Gadd, F.I.C.) was of the opinion 
that if the aggregate was properly proportioned and graded so as to give a very dense 
concrete with practically no voids, as good or better results would be obtained than 
by the use of any of the so-called ‘‘ waterproofing compounds " which are put upon 
the market from time to time—many of which very quickly disappear from view 
and are never heard of again. 

The basic principle in most of these compounds is the same—viz., the use of 
hydrated lime with a lime soap or similar water repellant material—and in considering 
the opinion expressed by Mr. Gadd, it should not be forgotten that the very nature 
of such substances mitigates against their successful application; that is to say, when 
the water repellant compound is mixed with the cement in the form of a dry powder 
before water is added. The natural tendency upon the addition of water is for the 
particles of compound to be expelled from portions of the concrete and collected into 
little masses here and there—even distribution under such circumstances being 
practically impossible, The advocates of the compounds which are to be mixed with 
the water before addition to the concrete claim that even distribution is insured by 
the use of their materials, but the same objection would appear to apply, with even 
stronger force, in this case. The particles of solid matter which are mixed with the 
Water do not enter into solution with it, but are merely suspended therein ; the liquid 
therefore acts only as a vehicle for conveying them into the concrete, where they 
become irregularly deposited. 

The subject is one which has claimed a considerable amount of attention of 
recent Years in all countries, and many more or less exhaustive experiments have been 
carried out at various testing laboratories. At the Annual Meeting of the American 
nec for Testing Materials, which was held at Atlantic City at the end of June last, 

report of Committee D-8 on Waterproofing was submitted. This stated that a 
n number of tests had been separately made by several members of the Committee. 
twas admitted that laboratory methods for the study of this class of materials were 
necessarily somewhat different from their practical application on a large scale, but 
ias facts were, in the Committee's opinion, established from such examinations. 
| Was the Committee’s conviction that the general effect of these incorporated 
‘ompounds was to reduce the strength of mortars. They were further of opinion that 
penetration in mortars and concrete being essentially dependent 


resistance to water 
upon = : А . : 

роп {һе densitv of such materials, imperviousness could casily be assured by proper 
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proportioning of the normal ingredients. When, through lack of proper proportioning, 
extrancous material was needed to ensure void filling, this could be accomplished by 
the use of natural materials such as colloidal clays or hydrated limes, and practically 
perfect results obtained. 

The Sub-Committee in charge of the investigation of the use of bituminous materials 
applied directly to the surface. or through cloth or similar mediums, had also inau- 
gurated а series of tests. Concrete tanks were protected bv six different proprietary 
materials or methods of protective coating, and thereafter subjected to the influence 
of four different liquids. The tanks had been regularly inspected and records kept. 
Several had failed, but as a final examination had not yet been made, no further report 
could then be presented. 

This report by the Sub-Committee of the American Society practically confirms 
the opinion expressed by Mr. W. L. Gadd, which has been previously referred to, 
and also the results so far obtained by a very exhaustive series of experiments now 
being conducted in an English laboratory, concerning which we give below a summary 
of a communication from a correspondent. 

During the course of experiments, which have been under wav for about three 
years past, the better known “ Waterproofing " compounds have been analysed and 
experimented with, as well as natural materials—both of a water repellant character 
and those which merely act as “ pore fillers.” When these tests were first instituted 
it was found that many of the results obtained were totally conflicting, and investi- 
gation proved this to be due to the very great difficultv in gauging to the same degree 


ALL SLABS 3 PARTS STANDARD LEIGHTON BUZZARD SAND то 1 PART CEMENT. 


| First Slab. | Second Slab. 
Waterproofing Material | Pew 
Series. added (to weight of | | 
cement only). |^ Centre Sides | Total Centre Sides Total 
C.C. C.C. C.C. C.C. ES A EC: 
A Nil кй» T ves О I,470 1,470 7) I.010 1,010 
B 3 per cent. of mixture of 5 1,010 1,015 | o 1.570 1,570 
slaked lime and lime soap | 
С 3 per cent. colophonv s 5 580 585 | 5 930 935 
D 3 per cent. dry china сау... 0 760 760 | 0 ^70 S70 
ر‎ 3 per cent. (slaked lime, оо 5 430 435 10 790 800 
parts ; colophony, то parts) | 
F 3 per cent. (china clav, 50 о 830 830 о 650 . 650 
parts ; colophony, 50 parts) | 
G з per cent. paraffin wax... 5 1,000 1,005 5 1,000 1.005 
H 3 per cent. (slaked lime, go о 640 640 m 510 510 
parts; paraffin wax, Io | 
parts) | 
1 3 per cent. alum ... 254 5,232 102,700 107.002 | 4,050 “бо 89,010 
K 3 per cent. alumina... TE 5 3600 305 10 270 280 
L з per cent. colophony, 5 per IO 840 830 IO 790 8,000 
cent. sodium carbonate | | 
M I per cent. soap РР TUNE 20 1,620 1,640 ! 10 740 750 
N 3 per cent. slaked lime "me О 420 420 о 450 480 
P 5 per cent. alumina 5 S50 855 5 700 705 
O 5 per cent. china clav ... 5 280 285 | 5 620 625 
R з per cent ground slate ... | 5 170 175 | 5 330 335 
S 3 per cent. burnt вачи clay | 2 ЖП, 1,302 | 3 2.010 2943 
T 3 per cent. (slaked lime, So ` 3 520 523 | о бо bo 
parts ; colophony, 20 parts) 
U 3 per cent. (alumina, go | 2 225 227 I 215 216 
parts; wax, IO parts) 
V 3 per cent. (china clav, 9o О 405 405 | о 120 120 
parts; wax, то parts) 
W 3 per cent. resin soap T 332 006 6,408,000 6,740,006 640.80 4.7237,000 5 378 100 
X 3 per cent (alumina, 50 parts ; 41 529% 570 о 175 175 
china clay, 50 parts) i 
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of density апу two test blocks, even when made from the same materials and under 
the same conditions. Attention was therefore directed in the first place to this 
problem, which was successfully solved, and, as a further check, all tests were carried 
out in duplicate. The blocks tested were Io in. square and 3 in. thick, and the 
aggregate used was 3 parts of Leighton Buzzard sand (of the size stipulated in the 
Bntish Standard Specification for Portland cement) to 1 part of cement, it being 
found that blocks made with this uniform sand were, when tested without addition 
of anv waterproofing substance, sufficiently porous to allow of a certain amount of 
water percolating through them—a condition which was essential in order to obtain 
comparative results. 

The slabs or blocks were taken from the moulds 24 hours after gauging and 
immediately placed in cold water, where they were kept for 20 days. They were then 
removed and submitted at once to a water pressure of 50 lbs. per sq. in. 

The table on the preceding page is a summary showing the quantity of water 
which percolated through the centre, and also that which found its way out through 
the sides of slabs—to which had been added during gauging different proportions of 
varous substances—at the above pressure during 24 hours. 

A similar series of tests were then made on slabs, in which 3 parts of a well-graded 


aggregate (all through ]-in. mesh) were substituted for the standard Leighton Buzzard 
sand. The following are the results obtained : 


WATER PERCOLATED DURING 24 HOURS. 
| 1 


First Slab. Second Slab. 
. 5 Waterproofing Material | Е ace , 
Series, added (to weight of | 
cement only). Centre Sides Total Centre Sides Total 

| C.C. с.с. C.C. C.C. C.C. C.C. 
AF Ni ri e з о IIO | 110 о 120 120 
АВ | 3 per cent. (china clay, go o 136 135 о 118 118 

parts; wax, то parts) * | 

AC 3 per cent. (slaked lime, 90 2 405 407 | 2 28 30 

‚ Parts; wax, то parts) 
Ab 3 per cent. china clay о бо бо о 398 39% 
AE ' 3 per cent. slaked lime 0 4 4 | о IO IO 


Commenting upon the results given above, and summarising his views generally, 
Our correspondent concludes : 


I. The impermeability of concrete is simply a matter of density or closeness of 
texture. This is arrived at in no other way than by filling the pores of the concrete 
with finely divided insoluble material, which can be done cither bv properlv grading 
the agsregate, or by the addition of powdered substances, of which slaked lime and 
China clay appear to be the two best, and most effective. Slaked lime has, however, 
а tendency to produce efflorescence on the surface ; China clay has no such tendency. 

2. Water repellants, such as greasy substances—lime soap, etc., have no rca 
waterproofing properties. The waterproof compounds on the market are bencficia 
only so far as the slaked lime (which forms go per cent. of their composition) acts as 


a | 1 | 
a pore filler, The ro per cent., or thereabouts, of lime soap contained in these com- 
'ounds is | 
pounds а defect rather than an advantage. 

3 The action ОЇ sea w 
meability. 


mpervious, 


ater on concrete is probably entirely due to the per- 
and will be prevented if the concrete is made sufficiently dense and 


] 4. The substances used as pore-fillers—especially clavs—should be added to the 
cement or concrete ina dry state. 


9 


REINFORCED CONCRETE BRIDGES. CONCLE 


Code 
| 


ЗУ, 
p iSo 46060650 вав... ^ 


REINFORCED 
CONCRETE BE: 
BRIDGES. س‎ 


One of the principal uses to which reinforced concrete has been put, апа in which it 
has been of the greatest service, is in the construction of bridges. The present examples 
are, with one exception, taken from Great Britain, and although not of the magnitude of the 
structures erected in America or on the Continent, they show the increased use of reinforced 
concrete for bridge work in the British Isles. —ED. 


REINFORCED CONCRETE BRIDGES AT WIMBORNE, DORSET. 
Two bridges constructed entirely of reinforced concrete were recently erected 
at Wimborne, Dorset. 

The Ringwood Road Bridge, shown in the frontispiece to this issue, is the 
larger of the two, having a span of 70 ft. The underside of the centre of the 
arch is 18 ft. 6 in. above the finished road level, and the width between the 
piers 20 ft. The drawings on pages тї and 12 show the detailed construction 
of this bridge. 

All the concrete was mixed by hand in the proportion of 27 cu. ft. of ballast, 
131 cu. ft. of sand, and 5 cwts. of Portland cement. 

The test load for the bridges was a 20-ton road roller, and six months 


Moortown Roap BRIDGE, WIMBORNE, DORSET. 


REINFORCED CONCRETE BRIDGES. 
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after completion the test was carried out, the recorded deflection only amounted 


to a little over ,!; inch. 


A view of the smaller bridge, that at Moortown Road, is given on 
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These bridges were designed and executed by Messrs. The Cubitt Concrete 


v 


of 260 Gray’s Inn Road, W.C. 


Construction Co., 
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REINFORCED CONCRETE BRIDGES AT PENARTH. 


Two bridges were recently erected at Penarth to replace two wooden structures, 
which had in fifteen years, although well looked after, rotted away. The 
new reinforced concrete bridges, a view of one of which is given on this page, 
are each. designed to carry a superload of 11 cwt. per sq. ft. The smaller one 
has а span of 35 ft., and is 8 ft. wide between the handrails on the parapets. 
The larger bridge has a span of 44 ft., and is 8 ft. 6 in. wide between the hand- 
rails on the parapets. The rise of the arches is respectively 6 ft. and 8 ft. 

The whole of the two structures, including foundation slabs, abutments, 


View taken during test. 
REINFORCED CONCRETE BRIDGE AT PENARTH. 


ind parapets, is in reinforced concrete, on the Hennebique system. The 
parapets, as will be noticed from our illustration, are cantilevered out from the 
таш arches, are of the open moulded type, and present a very handsome 
appearance. The handrail is especially reinforced to take heavy horizontal 
thrusts, lhe smaller bridge was tested with a concentrated load upon the 
Sepe beams of 16 tons and the larger one in the same manner with 20 tons, 

| ection in each case being only ¢; of an inch. The bridges were con- 
ieee Gwilym L. Morgan, contractor, Pontypridd. The engineer for 

iges was Edgar I. Evans, Esq., A.M.Inst.C.E., Council Offices, Penarth. 
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REINFORCED CONCRETE BRIDGES. 


BRIDGE OVER THE WARKS BURN, LONGLEE, NORTHUMBERLAND. 
THE accompanying illustrations show a bridge recently completed for the 
Bellingham Rural District Council to replace one which had become unsafe 


through the undermining of the foundations owing to the washing away of an 
adjacent dam. 
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View ot tinisned bridge. 
REINFORCED CONCRETE BRIDGE AT LONGLEE, NORTHUMBERLAND. 


The new bridge has a span of 33 ft. 7 ins., and a width of 12 ft. between 
parapets, 


" Ms foundations for the abutments and wing walls consist of slabs of con- 
ete 2 ft. 6 ins. thick carried down 6 ft. below the bed of the stream, and 
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resting on blue clay of so hard a nature that it was necessary to blast it out 
with gelignite. The abutments and wing walls are solidly built of heavy 
masonry in cement mortar. 

The road decking, parapets, and main beams are constructed of reinforced 
concrete. The decking is 7 ins. thick, and is supported by three longitudinal 
beams, each 33 ins. deep and 11 ins. wide. The parapets are 3 ft. 6 ins. high 
above the concrete curbs, the panels being 4 ins. thick, with a coping II ins. 
wide and 6 ins. deep. The bridge has a camber of 3 ins., and the outside main 
beams are haunched down into the masonry abutments. 

The substantial centering used can be seen in the photos, and the surfaces 
did not require any touching up when the boarding was removed, and were 
only washed over with cement grout. 

The engineers were the British Concrete Steel Co., of Cathedral Buildings, 
Newcastle-upon-Tyne, and the reinforcement used throughout consisted of square 
Indented Steel Bars. 
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REINFORCED CONCRETE BRIDGE OVER THE RIVER TAFF AT "TREFOREST. 
BRIDGE OVER THE RIVER TAFF AT TREFOREST. 
Тніѕ bridge was constructed for the Pontypridd Urban District Council, 
the Hennebique system of reinforced concrete, by Mr. E. H. Page, contractor, 
Cardiff. The bridge was designed by Mr. W. E. Lowe, the engineer to the 
above-named council. 


The uprights are carried on cast-iron pockets, which in their turn are carried 
on cast-iron columns let into the bed of the river. Great difficulty was ex- 
perienced in getting the reinforced columns into these cast-iron pockets owing 
to the water which had to be dealt with in the river, which in time of flood 
will rise as much as 4 ft. in an hour. 

There are eight spans of 25 ft. 6 ins. each, and the superstructure is carried 
on vertical braced columns 12 ins. by 12 ins. Each trestle has a strut, the foot 
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of which is also carried in a cast-iron shoe, on the down side of the river. This 
is owing to the large volume of water which sweeps down this river at a great 
velocity. The bridge carries a cart track in the centre and a narrow footpath on 
either side. The handrailing is composed of steel tubes carried on reinforced 
concrete stancheons. 


ARCH BRIDGE FOR THE SOC. ANOM. ELECTRO-METALLURGIQUE 
AT UGINE (SAVOY), FRANCE. 

THE illustration on this page shows an arch bridge in reinforced concrete which 
has recently been erected on the Coignet system for the Société Anonyme 
Electro-metallurgique at Ugine (Savoy). 

This skew bridge, which has a span of 20 metres (65 ft.) and a total length 
of 32 metres (105 ft.), with a width of about 5 metres (16 ft.), has been designed to 
support a single line of railway. 
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REINFORCED CoNcRETE ARCH BRIDGE AT UGINE (Savoy), FRANCE. 


The rolling load specified for the calculations of the work was constituted 
by an electric train having a locomotive of 20 tons and three wagons weighing 
25 tons each, with a wheel base of 3 metres (g ft. 10 ins). Тһе work was 
also calculated for a superload of 400 kilos per square metre to be applied cn 
both sides of the railway line. 

The abutments in this bridge are also in reinforced concrete, and measure 
"in 5 metres by 5 metres (16 ft.), with a height of approximately 4 metres 
(13 It). 

This bridge was built at an angle of no less than 45* on the skew, as shown 
the accompanying drawing. 

The work of erection was carried out by Messrs. Mazet & Limousin, licensees 
of the Coignet system of reinforced concrete. 
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RECENT BRITISH PATENTS. 


RECENT BRITISH PATENTS 
RELATING TO CONCRETE. 


We propose to present at intervals particulars of British Patents issued tn connection 
with concrete and reinforced concrete. These particulars have been prepared for this 
joarnal by Mr. А. W. Farnsworth, of Strand Chambers, Derby. —ED. 


Reinforced Concrete Reservoirs.—No. 29,693/10. Е. W. Burbach. Accepted 
October 6'10.—This is another endeavour to provide a reliable and practical liquid- 


p tight joint between concrete slabs used 
7 7^ in the erection of reservoirs, sea walls or 
p» : similar works. In this system of con- 
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struction the edges of the plates are made 
to loosely interlock, and when they are 
in position the interstices, f, are filled 
with liquid cement. It is stated that by 
this means a reliable joint can be obtained. 
£/ It is also pointed out in the specification 
that it is a somewhat difficult matter to 
form an acid proof coating on the internal 
face of a tank already erected, but the 
use of ready-made slabs enables the 
application of the asphalte or whatever 
is used to be carried out under convenient 
conditions before the structure is built up. 
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Details of Construction for Concrete Sewers.—No. 11,532/10. С. Dujardin. 
Accepted September 15/10.—The invention relates to an improvement in the con- 
struction of reinforced concrete sewers which 
are made up of slabs or panels previously 
moulded in the required shapes. The edges of 
the respective portions dovetail together, but 
the leading feature claimed for in the invention 
Is the method of connecting the steel reinforce- 
ment which is embedded in the concrete prior 
m In order to do this it is proposed 
He o should be made on the inside of 
ish at the points on the edges where the 
бз The ends of the steel are thus 
Е Е апі may be bent over like hooks to 
е each other; the surrounding space is 
eee so that the rods are finally com- 
EA embedded. It is claimed that the 
чаш gives a perfect connection, and 
БШШ, E no finishing work to do on the out- 

‚ 16 Sewer the surrounding earth may be 


ed in directly th i i 
: e various parts of the rin 
ате ın position. р 2 
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Shuttering for Concrete Walls.—No. 13,818/10. P. Hedrich. Accepted 
September 22/10.—If commercial success is to be obtained in the construction of 
reinforced concrete walls of average thickness 
; 8 6 а i ў it is necessary to considerably reduce the 
| Z [7 |: expense of the shuttering. Consequently many 
; proposals have been made in order to lessen 
e the cost of erection, and the invention is another 
effort along the same lines. In this instance 
it is suggested that the walls be made in 
sections, and movable shutters used, which 
may be placed in fresh positions as soon as 
the previous lot of concrete isset. The shutters, 
т, are mounted on metal standards, e, which 
are hinged at the bottom into bases temporarily ` 
fixed to the floor. Shoes to receive the tops of | 
the standards are also fixed above. The dis- 
tance apart of the standards and, therefore, the 
thickness of the wall may be varied by means 
of the adjustments made in the positions of the 
temporary attachments. When it is necessary 
to move the shutters upwards into their new 
position, in order to receive a fresh batch of 
concrete, the standards are released at the top 
and fall outwards, thus avoiding any injury to 
the face of the wall where it has just set. The 
position of the shutters when thus opened 
renders them readily accessible for cleaning and 
greasing. The shutters are held at the correct 
height on the standards by means of a simple 
locking arrangement. 


A New Reinforcement Connection.—No. 29.152/09. T. Potter. Accepted 
November 3!10.—The invention relates to the difficulty encountered in the attachment 
of stirrups to the main members of the reinforcement, and is intended to provide 
a more convenient method than those previously used. In addition the connection 


may be adopted on steel bars of ordinary commercial sizes. Reference to the 
accompanying drawing shows that the respective bars are held together by means 
oflinks, d. The links, or collars, are threaded over the main members, а and 5, until 
they are in the right positions to receive the end of the stirrups, and then, when correctly 
set, they are tightened by means of wedges driven inside them. 
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A Practical Joint.—No. 30,312/09. 
G. H. Gascoigne and the United Kingdom 
Fireproofing Company.—Accepted October 
13/10.—The object of the invention is to 
provide a simple joint for connecting the 
ends of vertical rods in the reinforcement. 
The case occurs frequently in the construc- 
tion of reinforced concrete columns where 
usually the ends of the rods do not coin- 
cide, but are arranged as in Fig. 5. It 15 
proposed to adopt a small casting con- 
sisting of two sockets to receive the rods, 
and connected by means of a thin web. 
The detail of the device is shown in 
Fig. 3, where it will be at once noticed 
that the bottoms of the sockets are solid 
and that the ends of the rods may be 
secured by means of keys or wedges, /. 
A hole pierced through the connecting 
web receives the horizontal tie, O, Fig. 5, 
which adds increased rigidity to the 
connection 


Shafting Hangers Under Concrete Floors. 


No. 10,747/10. B. Bauer, 


Accepted September 29/10.—The arrangement of fixing shafting hangers into rein- 
forced concrete as introduced by the inventor is claimed to be a considerable improve- 
ment on previous methods. The leading feature consists in the adoption of a special 
U-shaped bracket which is placed across the top of the concrete beam; the two 


“Ш 


Ag. 4 


sides of the bracket extend downwards on each side of the beam to a short distance 
below the underside of the floor where they terminate in lugs, a!. The lugs are 
slotted to receive the bolts, c, used to attach the hanger, 0. It will be readily 
understood that the atrangement ensures a thorough distribution in the beam of 
the stresses transmitted from the shafting, and that the erection and removal of the 
hangers themselves may be easily effected. 
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Hollow Concrete Walls. —No. 18,177. Б.ч: 
Bérard. Accepted’August 8/10.—The inventor intro- 
duces à new svstem of construction for reinforced 
concrete walls which are built up from standard slabs 
and bonding pieces specially designed for convenient 
erection. The walls, which are hollow, are first framed 
up in small vertical and horizontal members, d and 7. 
Through these portions are threaded steel rods furnished 
with screwed ends, Л, which may be tightened up by 
means of nuts when desired. The outer faces of the 
frame members are rebated to receive the slabs, b, 
which constitute the two wall faces. It will be readily 
seen that the slight projection of the frame offers some 
relief to the natural flatness of the wall surface, whilst 
the inventor claims that the system combines the 
minimum of material and labour with a considerable 
reduction in weight. Details of the mould required 
for the manufacture of the various parts are given in 
the specification. 


Improvements in Hollow Concrete Floors.—No. 20,217 /09. W. Drexler. 
Accepted September 5/10.—The invention relates to floors and ceilings constructed 
of hollow blocks with 
intermediate concrete &; 4 
filling. The inventor 7 
explains that in order 
to lessen the cost of 
manufacture the blocks 
are sometimes divided 
horizontally and built 
up in two portions. It 
is stated that with this 
system the filing is 
liable to pass through 
the joints into the in- 
terior of the blocks, 
and it is therefore sug- 
gested that the joints 
should be constructed 
on їйє groove and ton- 
gue principle in the 
manner indicated in 
Fig. 3. An attempt is 
also made to reduce the $, - 
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cost of centering by the 
adoption of the arrange- н 
ment shown in Fig. 1, 7 
where it will be noticed _ Снтни Yl bla 

that the number of 

vertical struts has been reduced by the adoption of bracing on the supporting wood 
beams. 
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Economy in Erection.—No. 148/10. Kraft and Kraft. Accepted November 
3 10.—In the specification the inventors describe a new method of erecting concrete 
floors, although the material 
employed is similar to that 
already used. The leading 
idea is to reduce the cost of 
centering for the concrete 
beams used to support the 
slabs. Hollow slabs, Fig. 1, 
are brought to the building 
ready-made and placed in 
position on the timber fram- 
ing, Fig. 4. It will be noticed 
that when two rows of slabs 
are thus laid there is a con- 
tinuous space between them. 
The space forms the mould 
for the reinforced concrete 
beam, g, without the use of 
any more timber. The con- 
crete for the beam enters a 
short distance into the hollow 
spaces in the blocks, thus 
forming a key between the 
respective parts, Fig. 2. 
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Steel Details.—No. 27.645 /10. Pauchot. Accepted September 22/10.— 
€ we have another system of reinforcement which is distinguished by the special 
means adopted to connect the | 
ends of the steel in beams to 
that in the abutments. In this 
Instance the reinforcement con- 
‘sts of flat bars, Fig. І, or a 
flat and a T-bar, Fig. 8. At 
suitable points in the span the 
d and lower members are 
аи together with clips ; dis- 
Н X pieces may be introduced 
cd At the abutments 
ms Ru flat bars is bent over 
ДЕ Па of the other member 
ee by bolts, d. It is 
fo. үн dien when the ends are finished in this manner it is possible to arrange 
Md clip on to one of the bars in the supporting column or wall, e, thus ensuring 
en Ну during erection. Jt is claimed that the reinforcement may be easily 

ed on the site, and although the bars used are comparatively light, yet when 


ut А р uM 
жш they are stiff enough to support moderate loads until the concrete is in 


Qu d Improved. Concrete Mixer.—No. 28,023/09. S. & J. Whitaker. Accepted 
parts E mixer shown in the illustration has been designed so that the 
ich receive most wear may be easily and cheaply renewed. The cube type 
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of machine is adopted 
where the rotary drum, 
approximately a cube 
in shape, is mounted 
on two trunnions placed 
at diagonally opposite 
corners. The general 
design is familiar, but 
the inventors state the 
wear which takes place 
at the central portion 
of the drum involves 
its complete renewal 
from time to time, 
whether it is made of 
cast-iron or built up of 
rivetted steel plates. 
It is therefore sug- 
gested that the drum 
should be formed of two 
cast-iron cheeks, 1 and 
2, joined together by a 
steel plate, 3, which is 
bolted to them, 4. The 
cast-iron sections which 
are attached to the 
bearings do not receive 
so much wear on 
account of their position 
and consequently may 
be retained in use for a 
long time without re- 
pair. The central por- 
tion, which may re- 
quire renewal more fre- 
quentlv, is formed of a 
single steel plate which 
is bent in such a man- 
ner that the correct 
shape of the drum is 
preserved. The mate- 
ria is fed into the 
mixer through its open 
end as usual, and when 
required an outlet door 
may be provided. 

A New Shoe for Piles.—No. 1,196/10. ! 
W. D. Cay. Accepted September 8/10.—In À 
the illustration is shown a pile shoe which 
has been specially designed to facilitate 
the attachment of the lower ends of the steel 
reinforcement. The shoe is constructed in 
two principal parts—a metal point, P, and 
a barrel, W. The ends of the reinforcement, 
R, are rivetted, wired, or otherwise secured 
to the barrel, thus ensuring a sound job. 
The metal point may be fixed into the end 
of the barrel in any convenient manner. 
Several variations in the method of con- 
struction are described in the specification. 
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By FRANK B. GILBRETH, New York. 


A paper read some little time back by Mr. Frank Gilbreth, of New York, on the advantages 
of concrete from a fire point of view, continues to be accorded attention, and we therefore 
publish a lengthy extract from the paper as issued by the American Society of Mechanical 
Engineers. The arguments put forward so tersely by the author merit careful consideration 
in Great Britain, as also in our overseas possessions.—ED. 


GENERALLY. 

Is this age of “ conservation ” it is amazing that so little has been done to prevent 
destruction by fire, and to apply the lessons that every great fire teaches us. The 
interest of the entire public in fireproof construction flares up with a great fire, but 
flickers out before the building permits for new structures are granted. The average 
owner when rebuilding even finds fault with the authorities whose duty it is to 
enforce the inadequate existing ordinances relating to non-combustible construction 
and to “ fire-stopping ” in combustible buildings. 

There must probably be more big fires among buildings now built, but there is 
По Sane excuse for any such loss in the buildings to be erected in the future. Within 
the last six years there have been wonderful opportunities for studying great fires 
here in our own country. It has been possible to observe the destruction that occurred, 
to discover why it occurred, and to determine exactly what must be done if repetition 
of such destruction is to be prevented in the future. 

_ It has long been realised that, with the wood supply of the world constantly 
diminishing, wood was bound to become too expensive to use as a building material. 
To-day, concrete structures can be erected at no greater first cost than wooden 
ones; with an added element of safety to those who use the buildings which cannot 
easily be overestimated. 


COST OF CONCRETE CONSTRUCTION. 

In order to hold the place it claims—that of the cheapest and best fireproof 
Construction material—concrete must be able to show itsclf cheapest in first cost, 
as well as cheapest in the long run. 

Concrete materials are obtainable everywhere: stone, ledges, gravel, sand, 
burnt ballast, slag, brick refuse, terra cotta chips, stone-cutters’ refuse and cinders, 
are all good aggregates for concrete. 

As far as the cost of the labour of putting the material in place is concerned, 
much has been done toward reducing that to a minimum. With metal forms and 
certified concrete, concrete construction is cheaper to-day than that with brick, 
hollow terra cotta tile or any other material. 

Charles Т. Main, a member of the Society, has recently published the most 
alo contnbution regarding cost data of brick and wood mill construction. 
Mr. Main is a leading authority on this subject, and his data are conceded to be correct. 
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Mills have been built entirely of concrete, in all parts of the country, in less time 
than it is possible to build them of brick and wood, and for less money than the 
square foot and cubic foot prices collected by Mr. Main. А few years ago this state- 
ment would not have been true. To-day, with the aid of new designs, new methods, 
new forms, scientific grading and proportioning, it is a fact that cannot be disputed, 
but one, nevertheless, not generally known. 

The development of the entire concrete building and of the parts of the concrete 
building have been slow, because it has taken a long time to learn to thin} in concrete. 
Each student brought his stock of experiences from another field to bear on the 
problem, but the problem was so new that few could understand it in all its aspects. 
The engineer, who knew how to design the strength, knew little about artistic features. 
The architect. who alone could give beauty to the building, was not an expert in the 
methods that make low costs. Progress was made more difficult by the fact that so 
few of the structural features and construction methods were standardised. 

The contractor, having analvsed his costs, saw that the forms were the largest 
single item in the cost of the concrete. This fact bad its effect on the design of the 
concrete building, in the trend toward straightway repetition form work and flat-slab 
ceilings, with as little beam and girder work as possible. A further benefit was in the 
fewer corners for fire to attack, or for interruption of the action of sprinklers, saving 
also in the cost of the sprinkler system. 

After the flat-slab ribless type of ceiling, with its low cost of forms, came stan- 
dardisation of the units of forms for walls and columns. With the use of these metal 
form-units a new problem faced us—namely, slight modification of design to agree 
with the cheapest labour requirements of the metal forms. The influence was also 
felt of the fire protection design thoroughly worked out and standardised by Charles 
L. Norton, professor of heat measurements at the Massachusetts Institute of Tech- 
nology, and engineer in charge of the engineering experiment station of the Factorv 
Mutual Fire Insurance Companies. Mr. Norton's recommended practice, which is 
now universally accepted, is so simple and apparently so obvious that we sometimes 
forget to give him the credit for his work. | 

The importance of the forms, from the standpoint of economy, in being able to 
build fireproof buildings for the price of brick and wooden mill construction, is clearlv 
shown by the fact that Charles D. Watson, of Svracuse, New York, on account of the 
reduction in the number and expense of forms, has been able to build a number of 
buildings from separately cast members, and reduce the costs below anything ever 
cast im situ in wooden forms. 


USE OF METAL FORMS. 

We come now to the latest developments, the metal form-units that have been 
perfected, densifiers for compacting the concrete, mechanical conveyors for displacing 
the wheel-barrow and hand tamping, and the concrete-producing factory, centrally 
located. These things have all arrived. Metal moulds have reduced the price of 
concrete to that of wooden construction. 

For the greatest saving in the cost per cubic foot of the completed building, 
the methods of construction, as well as the designs, must be standardised. This is 
rapidly being done. For example, the metal forms are set up and concrete is hauled 
in large quantities from a centrally located factory and poured at once for the entire 
story of a building. This does away with the joints between the work of two different 
days, and permits of figuring the tensile strength of the concrete in design calculation, 
with a great consequent saving of reinforcement. Such calculations cannot be safely 
figured unless the whole story is poured at once. 
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BEARING ON ULTIMATE COST OF HEALTH CONSIDERATIONS. 

Figuring the cost of furring, lathing, plastering, interest, fixed charges, heating, 
and repairs, concrete is certainly cheaper than wood. If you also figure health 
concrete is very much cheaper. A concrete building is cooler in summer and 
warmer in winter than any other kind. It can be cleaned out with a hose. It 
can be easily, quickly and thoroughly fumigated, room by room, or all at once. It 
is drier than any other, provided it is built with self-ventilating air spaces in all of the 
exterior walls. A concrete building is vermin-proof, and should germs or vermin get 
in the building, it may be easily rid of them. 


ADVANTAGE OF CONCRETE CONSTRUCTION IN ELIMINATION OF FIRE LOSS. 


It may seem that we have wandered from our subject of fires and their permanent 
elimination, but it was necessary to show that concrete is thus, from every standpoint, 
cheaper than wood, its only rival for low cost. Concrete construction is the best 
form for the elimination of fires, because it affords : 

(a) Least cause for fires. 

(b) Least amount of damage to structural parts by fire. 

(c) Least amount of damage to structural parts by water. 

(d) Least amount of damage to contents of building by water. 

(e) Least quantity of combustible structural materials in a room. 

(f) Least speed of combustion of the contents of a room. 

(€) No concealed fires ; all fires are in plain sight. 

(^) Least spread of fire to adjoining parts of the same story. 

(!) Least spread of fire to stories above. 

(1) Least spread of fire to next buildings. 

The causes of fires this paper will not discuss. The amount of damage done by 

а fire in a concrete building depends upon circumstances perfectly within our control 
and predeterminable. With concrete made of properly selected firc-resisting materials, 
practically no damage is done, except by prolonged high temperature. The results 
of recent tests by Prof. Ira Н. Woolson and his assistant, J. S. Macgregor, prove 
conclusively that a concrete building properly designed, with as few projecting 
corners as possible, will withstand long periods of the hottest hardwood fires, with 
no resulting damage that cannot be thoroughly repaired with mortar and a plasterer's 
trowel. These tests were on full-sized rooms with walls of concrete made of different 
kinds of material. 

Concrete for walls can be poured in metal moulds with sufficient accuracv to 
permit of painting or wall-papering without further plastering or smoothing. This 
means that the best of this fire-resisting material is brought to the very surface of the 
wall where the flames strike. With metal moulds, all corners can be made rounded 
as cheaply as square, or metal corner beads may, if desired, be inserted and retained 
in the moulds, Now, if a fire does occur in a building made of concrete cast in smooth 
metal forms, the damage is Jess than in апу other type of building, and the danger of 
spreading is less. 

A concrete building can be damaged by water less than any other form of con- 
struction. To begin with, water does not injure concrete ; in fact, it improves its 
eu There is no wood to swell, and afterwards to shrink and crack the plastering. 
е best suited to be used on concrete lends itself particularly well to 
еи А with water. There are no hollow spaces that the water can flow 
ur а the contents below. A concrete building 15 water-tight from 
A nng and small quantities of water can be easily handled through small 

РРетѕ, either into the air space of the vaulted wall, or through the wall to the 
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outside. The fire is never hidden by the construction ; consequently no unnecessary 
streams of water are flooded into the building. | 

In a concrete structure there need be little or no combustible material. Iet us 
take, for example. the dwelling house, for it is the most difficult to make both cheap 
and fire-proof. In a concrete residence there is little trim that cannot be made better 
and cheaper of Portland cement than of wood. The chair rails and picture moulding 
can be made of concrete. The trim around the windows and doors can be moulded 
in metal moulds as cheaply as straight members. Even the wire mouldings can be 
done away with, and the conduits buried in the concrete partitions, walls, ceilings 
and floors. Baseboards should be made of concrete or else omitted entirely—as 
they serve no useful purpose in a concrete building, except in following wooden 
precedents. Windows may have cement sashes, with wired glass, and self-closing 
shutters, or self-dropping shutters of rolled-up metal or asbestos. Metal furniture 
may be used. The paint and varnish used on buildings and furniture should be selected 
carefully, as these are great factors in determining the temperature at which a fire 
will start and the speed with which it will spread. There is also a great difference in 
the paints and varnish used for painting concrete. 

The flooring need not be of wood. There are many first-class non-combustible 
materials beside Portland cement that will fill every good requirement of wood and 
still be fireproof. There are also parquetry floorings, made of slow-burning wood, 
and much thinner than the old-fashioned hardwood floor, which make the best flooring 
in case wooden floors are desired. In a concrete residence there is no excuse for 
wooden under-flooring, nor for wooden screeds. 

The best form of construction for the elimination of fires is one that keeps the 
fire in plain sight, once it is started. Опе of the greatest obstacles in fighting fire in 
wood construction is the difficulty of locating a fire after it is known to exist. Every 
second of time lost gives it accelerated fury. Holes cut through the walls, floors and 
ceilings to locate a fire oftentimes only furnish more draughts to feed thc flames. 

With hollow concrcte blocks, or monolithic cast-in-place walls and partitions 
there are no chances for the fire to be concealed. There is no cause for cutting into 
the partitions, floors, or ceilings. There is no damage to the structure from cutting, 
no injury from water. With such a building, if a fire does start, it starts in plain 
sight, remains in plain sight at all times, and can be attacked instantly before it has 
spread. and the water damage will be practicallv nothing. Fires in plain sight arc 
usually extinguished before the arrival of the fire department. 


SHEAR MEMBERS IN CONCRETE BEAMS. 
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IN 
REINFORCED CONCRETE 


BEAMS. 


By MAURICE BEHAR, 


Engineer of the Ecole Nationale des Ponts et 
Chaussées, France. 


The following article by Mr. Maurice Béhar, who is prominently associated with the 
Coignet system of reinforced concrete, should claim attention. —ED. 


THE exact distribution of shearing efforts in reinforced concrete beams is a 
question which is not always clearly understood. 

In this article the writer will endeavour to explain the action of these particular 
efforts, and the most rational method of counteracting them. 

Let us consider, for instance, these efforts in a beam uniformly loaded. 
We find that the external efforts have a tendency to produce a certain amount 
of bending, the effect of which is to cause compression in the concrete situated 
above the neutral axis, and tension in the steel and concrete situated in the 
lower part of the beam. There is at the same time a tendency of the various 
clements forming the mass of the concrete to shear in a vertical direction. This 
tendency is greater at the points of support and gradually decreases towards 


1 СУ . . . . 
the centre of the beam, where it is nil. These efforts are known as vertical shear, 
see Fig, I 

5: 2. 


Fic. 1, 


The efforts of bending and vertical shear are not, however, the only efforts 
which we have to consider in a beam. There are other efforts which have a 
tendency to cause a longitudinal slipping or shearing of the various elements of 
the mass of concrete, in the manner illustrated in Fig. 2. In other words, if we 
consider a beam composed of a certain number of layers of homogeneous material, 
the external efforts would produce longitudinal slipping or shearing of the 
elements of the mass in opposite directions from the centre of the beam. 

It will be noticed that whereas the slipping is absolutely nil in the centre 
of the beam, it gradually increases towards the supports, at which points it 
attains its maximum, 
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If we consider the various points situated in a sectional plane, the efforts 
of longitudinal shear are greater at the centre or neutral axis and gradually 
lesser towards the upper and lower faces of this beam, where the slipping becomes 
nil. 

It has been proved in theory that these longitudinal efforts of slipping are 
equal in magnitude to those of vertical shear in any particular point of the 
beam. 

It is obvious, therefore, that it is necessary, in a reinforced concrete beam, 
not only to counteract the efforts of bending, but also to provide for adequate 
reinforcement to counteract vertical and horizontal shear. 

The first specialist engineers provided steel reinforcement placed in a normal 
direction to the planes of action of the forces. In other words, the efforts of 
vertical shear in any vertical plane of a reinforced concrete beam were counter- 
acted by the horizontal main bars, and the horizontal efforts of longitudinal 


Fic. 3. 


shear were counteracted by vertical stirrups in a normal direction to the various 
planes of action on the said efforts. 

Later on, however, nearly all the specialists provided, as an alternative, 
a special arrangement of the shear members to counteract the resultant effort 
produced by vertical and longitudinal shear instead of counteracting these two 
efforts individually, as mentioned above. 

By this new method of counteracting this resultant force, the shear members 
are placed in a normal direction to the plane of action of the resultants, namely — 
at an angle of 45? with the horizontal. 

If we consider Fig. 3, and if we take any particular point in a beam, not 
contained in the vertical plane at the centre of the beam (where these efforts 
of vertical and horizontal shear are nil), we have two efforts starting from the 
point A. Опе of these efforts is acting in a vertical direction, and the other in 
a horizontal direction. As stated above, it has been demonstrated in theory 
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that these two efforts are always equal. The resultant force acting in a down- 
ward direction has a tendency to shear the concrete, so that the bars, which are 
placed in a normal direction to this force, have a tendency to be sheared through. 

We must not forget, however, that at the same time as this action takes 
place the beam itself is subjected to bending, which means that the underside of 
the beam has a tendency to become extended. It is obvious that if such a beam 
is stressed to its ultimate resistance in shear, the concrete will fail in the direction 
of the resultant force, and the fissure will have a tendency to open in the shape 
of a wedge. | 

The shear members, which are placed in a normal direction to the plane 
of the fissure, will have a tendency to be drawn out of the mass of concrete which 
is nearest the support. It is necessary, therefore, that this end of the shear 
members should have a mechanical anchorage in order to counteract the tendency 
of these bars to be pulled out of the concrete. It is for this reason that certain 
specialists think it advisable to hook the end of these shear members over a 
longitudinal top bar instead of relying entirely on the adhesion of the concrete 
to resist these efforts of diagonal tension. 

lt is obvious that this has the effect of considerably strengthening the beam 
in shear and preventing, at the same time, a sudden failure without warning 
immediately after any shear cracks have begun to develop in the concrete. 

For this reason also the ends of the vertical stirrups should be bent over a 
top bar, or otherwise mechanically anchored to the upper portion of the beam. 

lt will be noticed that the shearing efforts reach their maximum at the 
neutral axis; the practice of leaving the ends of the stirrups of shear members 
free in the middle portion of the beam cannot therefore be recommended. 

The writer is of opinion that in certain cases where architects or engineers 
have to decide on the choice of several schemes, prepared according to the views 
of different specialists, sufficient attention is not given to the methods of anchorage 
of the top portion of the shear members. 

The common practice amongst specialist designers is to calculate the sectional 
area of the shear members by allowing only 12,000 or 13,000 lbs. per sq. in. for 
the resistance of the steel. 

The fact that the shear members are working in tension, as soon as the first 
shear cracks begin to develop, is not sufficient reason for considering this steel 
às being in tension, and calculating its resistance by applying the tensional 
stresses of 16,000 or 17,000 lbs. per sq. in. 

Architects or engineers who have to select some particular system should 
thoroughly investigate this question with a view of ascertaining if the designer 
has calculated his shear members with the value which is usually attributed 
to steel working in shear—namely, 12,000 or 13,000 lbs, or whether he has 
attributed to these the higher values of 16,000 to 17,000 lbs., assuming these 
shear members to be in tension. 

It has been demonstrated by experiment that in beams loaded to destruction 
the first signs of failure are usually shear cracks. 

It is therefore very important that these particular efforts and the best 
methods of counteracting them should be properly understood. 

D 
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RECENT EXAMPLES OF 
CONCRETE AND REIN- 


FORCED CONCRETE WORK 
IN U.S.A. 


We are publishing in this article a few examples of recent work in concrete and re'nforced 
concrete in the United States, where the use of these materials is increasing in a remarkable 
manner. We shall putlish further examples from time to time. —ED. 


THE SHOSHONE DAM, WYOMING, U.S.A. 
Highest Concrete Dam Completed. 


THE Shoshone dam in Wyoming, U.S.A., which is supposed to be the highest in 
the world, is a structure built entirely of concrete. It has recently been completed 
by the United States reclamation service. 

This dam rises 328 ft. above bed rock, between the granite walls of the canyon 
of the Shcshone river, and holds the water in a reservoir with a surface area of ten 


5— —— 
a чь 


Upstream face of dam. 
SHOSHONE Dam, WYOMING. U.S.A. 


square miles for the purpose of irrigating about 132,000 acres of land. The erection 
of this monolith of 70,000 cu. yds. of concrete at the bottom of a canyon, with nearly 
vertical walls 1,400 ft. high, was an engineering work of great interest. A feature 
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of the concrete work was the fact that all stone and sand was crushed and pulverised 
granite obtained from the canyon walls. 

The dam is located below the junction of the north and south forks of the Shoshone 
river. about eight miles west of Codv, Wvo. At this point the sides of the canyon 
converge into a narrow gorge. At the site of the dam the canyon is only 70 ft. wide 
at the stream bed and 
180 ft. wide at the top 
of the dam, which is 
about 250 ft. above the 
stream bed. The solid 
rock on which the dam 
rests is 85 ft. below the 
stream. By converting 
the canyon above the 
dam into a reservoir, 
the entire discharge of 
the river is made avail- 
able for irrigation. 

The dam is curved 
їп plan, arched up- 
stream on a radius of 
150 ft. at the top. It 
is 108 ft. thick through- 
out the section from 
bed rock to the bottom 
of the stream, and above 
this tapers in at the 
rate of 3 in. to the foot 
on the down-stream 
face and 1°8 in. to the 
foot on the up-stream 
face, so that the thick- 
ness at the top is то ft. 
A spillway is provided 
in a channel and tunnel 
cut through the rock 
around the east end of 
the dam. The channel 
starts on a lip levelled 
off on the east side of 
the canvon above the 
dam, about то ft. below 


the crest. А concrete 


View in course of construction. 
SHOSHONE Dam, WYOMING, U.S.A. 


weir wall is built around 
the edge of this lip, and 
: Dack a trench is cut in the wall, leading to a tunnel, 20 ft. square and зоо ft. 
in length, which passes through the canyon wall around the abutment of the dam 


at the 


and discharges through another trench into the river below. 
The outlet works for leading the water to the irrigating canals consist of two 
tunnels 


through the rock around the west abutment. One of these is at the stream- 
bed elevation. It is 10 ft. square and 500 ft. long ; 110 ft. above is the second tunnel, 
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for supplying the high level canal systems for assisting the spillway in flood discharge 
and for furnishing hydro-electric power. This tunnel is about g ft. square and 300 ft. 
in length. In addition to these openings there are also 42 in. iron pipes through the 
body of the dam at stream level. These pipes are to supply water for power purposes. 
The gates for the control of the flow in the tunnels and pipes are electrically operated, 
the machinery being located in openings cut in the rock walls. 

Concrete mixing was done at the site, on a bridge spanning the gorge, for lack 
of sufficient foothold at the sides. The materials for the concrete were obtained 
from two quarries on the east side above the dam. One of these was the excavation 
of the spillway-lip and trench, while the other was purely a quarry operation near 
by. A tramway from the spillway excavation and a chute from the other quarry 
conveyed the broken granite to a crusher and pulveriser-house located well up on 


Upstream face of dam, nearing completion. 
BARKER Dam, BOULDER, U.S.A. 


the side of the canyon. In this building it was reduced to the usual sizes for concrete, 
and to sand. The crushed stone and sand were taken by separate conveyors to two 
bins on the river bank near the bottom of the canyon. A cement store-house of 
12,000 barrels capacity stood directly beside the bins, while a second store-house 
of 10,000 barrels capacity was located a short distance above. 

A conveyor passed in front of the stone and sand bins and carried those materials 
500 ft. along a trestle-structure on the side of the canyon and up above the top of the 
mixer bridge, just up-stream from the dam, delivering them to four bins on that 
bridge. A second conveyor, constructed specially of a cable equipped with small 
carriages to hold bags of cement, was operated between the cement store-house and 
the mixer bridge, a distance of about боо ft. 

The mixer bridge was a steel truss structure, spanning the gorge immediately 
up-stream from the dam, at an elevation slightly above stream level. Concrete for 
the bulk of the work was discharged into camp buckets, which were picked up by the 
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derricks above and lifted into place. For a part of the work just below the mixers, 
however, it was possible to place it bv chutes. The mass concrete in the dam contains 
about 25 per cent. large stones, weighing from 25 to 200 lb. 

Cantilever timber forms were employed, the bottom of a low section being 
attached to the finished concrete masonry. As the work progressed the sections of 
forms were removed and re-erected above. 


BARKER DAM, NEAR BOULDER, COL, U.S.A. 


ANOTHER large dam, to have a height of 185 ft. above the foundation, and to 
contain 140,000 cu. vds. of cvclopean concrete, is being built across Middle Boulder 
Creek, 17 miles west of Boulder, Colorado, as a part of a hydro-electric development 
by the Eastern Colorado Power Company. The top of the dam is to be 16 ft. in 


Dowrstream face of dan, in course of construction. 
Barker Dam, BOULDER, U.S.A. 


w] 1+ )2 . Ы 
wilth. It will have a 13-ft. walk across it from one hill to another, as a separate 
spillu 

t 


way is to be provided in an excavation through the hill at the north end of the 
dam. It has an elevation of 8,000 ft. above the sea. The canyon of the stream is 
narrow at this point, the length of the dam being only 250 ft. at the bottom. 
and 625 ft. at the crest, The front face is vertical for 20 ft. 6 in. from the top down 
to a curve, with a radius of 37:7 ft. that connects it with a batter of 6°25 on 10, 
«xtending down to 8,080 ft. above sea level, from which height the batter is 7 on 10 
ы the bottom. The maximum width of the structure at the base is, therefore, 1 24 ft. 
Above 8,040 El. transverse expansion joints are placed entirely through the dam 
at intervals of 48 ft. Vertical grooves are placed in the bulkheads which form the 
ends of the sections to secure an anchorage between the latter. 
eu nro A of Bom 3 :5 ictus of олеге AEE IO 
ggregate consists of a mixture of sand and of screenings from 
shed gravel and rock ; the large aggregate is crushed gravel and rock. The only 
ation placed on the percentage of large stones embedded in the body of the 


very 


cru 
lim 
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dam is that these stones shall be, at least, 6 in. apart at all points, and the same 
distance from the faces of the dam and the expansion joints. 

The concrete was mixed in a plant erected towards the top of the hill at the 
north end of the dam, and was handled in buckets from this plant to place by means 
of cableways spanning the canyon on the axis of the site. The concrete mixing 
plant is specially well equipped and arranged, giving it a capacity for delivering a 
large volume of material. It comprises four units, each consisting of a crusher, 
a screen, two storage bins, a measuring hopper, and a mixer. These units are grouped 
in one building. which is so arranged on the side of the hill that the materials are 
passed through the plant almost entirely bv gravity. 

On the down-hill side of the row of bins is a measuring floor, directly over the 
row in which the four mixers are placed. The arrangement of the equipment on 
this floor is such as to facilitate the rapid and accurate proportioning of the materials 
for each batch. in order that the mixers тау be operated to their full capacity without 
delay on this account. The outlet from each of the two storage bins included in a 
unit of the plant is a steel chute controlled by an undercut gate. The latter is 14 ft. 
above the floor over the mixers, and is controlled directly by hand from this floor. 
lach pair of chutes is set to deliver to a measuring hopper over the respective mixer. 
The cement is delivered to the measuring floor from a storage house having a capacity 
of 100,000 sacks that is erccted on the side of the hill 250 ft. down-stream from the 
mixing plant. One of the tracks extending along the up-hill side of the latter is 
continued to reach the full length of that side of this house. The cement is shipped 
sacked from the mill in narrow-gauge Fox cars, which are brought in over the railroad, 
and thence over the contractor's tracks directly to the house. The cement is loaded 
out on small, flat cars as required, and delivered over a track extending along the 
down-hill side of the house to the measuring floor over the mixers. The track being 
on a sight down grade toward the plant makes it possible to handle large loads on 
these cars. 

Concrete is laid simultaneously in the separate sections of the dam defined bv 
the transverse expansion joints ; but the hcight of these sections is kept at different 
levels to permit the joints to be formed. 

The forms for the face of the dam and the expansion joints are made in 28-in. 
bv 12-ft. sections, which are stripped and moved up as the level of the concrete 
work progresses. The concrete is spaded against the face of the forms to 
produce a finish on the exposed surfaces of the dam and of the expansion joints. 
Good results were thus secured without rubbing the conerete, or otherwise working 
it, after the forms are stripped. The cyclopean stone was wet thoroughly at the 
quarries, and again at the dam before being placed in the concrete masonrv. The 
concrete was also sprinkled continuously during the day to prevent drying before it 
had set properly. 

Mr. M. J. Beisel is superintendent in charge of the product for McArthur 
Bros., the contractors, and Mr. A. W. Gray, the engineer in charge, for the Eastern 
Colorado Power Company. 


REINFORCED CONCRETE BRIDGE AT ST. PAUL, 
MINN., U.S.A. 


THE view on page 37 is of a reinforced concrete bridge on the Mississippi 
Boulevard at St. Paul, Minn., U.S.A., built on the “ Mushroom ” system of reinforced 
concrete construction. The height of the bridge from the floor to the bottom of 
the ravine it spans is 95 ft. A side view is shown on page 38, which gives a good 
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idea of the character of the span and general location. The large abutments are 
hollow boxes of reinforced concrete about 6 in. thick. These abutments furnish 
excellent bracing, and give the bridge a massive appearance from the architectural 
standpoint, while the independent framework of the ribs, with the mushroom strut 
braces, meets all requirements from the standpoint of strength. The lamp standards 
were also made of concrete. 

In viaduct construction the standard mushroom design consists of a length 
of trestle broken at intervals by hollow box piers, at which expansion joints are made, 
and which serve to divide the structure into a series of units, giving a pleasing appear- 
ance. We are indebted to The Cement Age for the illustrations of this bridge. 


- es (eee? Son J FEM a | oa 
ELI DORR 
^X JA E Fe 
di 0 


6 15 WA 
7 3 ا‎ 
Р L ” E a Н J 
Ся, - 


" а If A Р 
ek oe 
v | 
e s 
“уа WI | T ES . 
£5 (v nm ` 
‚© i 4. Ov FE Аъ.) 
| = 17 Г b. wv 
MER Let | 


3 
| MT 


Side view of bridge. 
REINFORCEd CONCRETE BRIDGE AT ST. PAUL, MINN., U.S.A 


McINTYRE BUILDING OF REINFORCED CONCRETE AT 
SALT LAKE CITY, U.S.A. 


A VERY fine reinforced concrete building has just been completed in Salt Lake City. 
U.S.A. It is 50 ft. by 135 ft., having eight storevs and basement. The walls, floors, 
columns, beams and stairs are built entircly of reinforced concrete. It has light 
courts on the sides, and is entirely fireproof throughout, the only wood used being 
the hand-rail on the stairs. The floor slabs are 3? in. with 3 in. concrete and 11 in. 
cement topping. and are reinforced with Kahn rib metal. 

The main beams are 12 in. by 24 in., while those carrying both courts are 14 in. 
by 28 in., the small division beams run ro in. by 20 in., reinforced with Kahn bars. 

The front entrance is wainscotted to ceiling with marble. The design of the 
front shows a thoroughlv modern and effective concrete construction, plastered with 
white Medusa cement, with cast ornaments. 
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All stairs, together with main circular stair at main entrance, shown in our 
illustrations, are concrete with marble treads and risers. 

Fire escape platforms are made of concrete slabs. 

The architect for this work was Mr. R. Klettering, of Salt Lake City. 


Concrete stairway construction. 
McIntyre BUILDING, SALT Laxe City, U.S.A. 


STORAGE BUILDING FOR THE PIERCE ARROW MOTOR- 
CAR CO., BUFFALO, U.S.A. 

THE illustration on page 41 shows a view of the Picrce Arrow Motor-Car Co.'s new 

Storage building in course of construction. 
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Conorete stairway сопы гипо. 
MCINTYRE BUILDING, SALT LAKE City, U.S.A. 


floor being designed for live loads of 150 lb. to the sq. in. 


framework of reinforced concrete columns and girders. 


40 


The exterior walls havea 


34 


үү! 


CONCRETE IN U.S.A. 


The area of the main part of the new building is 308 ft. by 62 ft., and has a 
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sg BUILDING FOR THE ] 


View of building 


REINFORCED CONCRETE STORA( 


= ài by 50 ft. wing extending to ards the asse mbly building. The ground-floor 
ms are 16 by 29 ft. high ; second and third floors 15 ft., and fourth floor 15 ft. high. 
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The floors are girderless and are supported by columns 20 ft. 6 in. on centres, 
the column heads flaring at the top to a diameter of 56 ins. The floor slabs are 8 in. 
thick of 1:2: 4 concrete reinforced with strips 9 ft. wide, made up of 171 in. rods 
running at right angles. parallel and diagonally to the lines of the columns. 

These rods extend well over the column heads, which are further reinforced 
with eight I-in. rods extending 4 ft. down into the columns and radially out into the 
floor slabs about 3 ft. 9 in., so that their ends are on the circumference of a circle 
about 8 ft. in diameter. The radial rods are bent over а 2-in. by $-in. hoop at the 
column head and are wired to 1-in. iron rods bent into circles, one about 4 ft., and 
the other 8 ft. in diameter. In the ground and first floors the 8-in. structural slab 
is covered with r-in. granolithic finish, made of 1 part cement, I of sand, and 1 of 
granite dust. 

The floors were tested about уо davs after the concrete was placed, one panel 
being loaded with castings weighing 120,000 lb., or 226 Ib. per sq. ft. Although 
this is nearly double the live load the floor was designed to carry, it only showed a 
d»flection of 4*5 in. at the centre of the panel. 

The contract for the building was placed with the Aberthaw Construction Co., 
of Boston, U.S.A., and the whole building was erected in the remarkably short period 
of three months. 


TESTS WITH REINFORCED CONCRETE COLUMNS. 


TESTS WITH REINFORCED 


CONCRETE COLUMNS. 


The report summarised in the following article has keen published in Berlin by Messrs. — 
Wilhelm Ernst & Son, the technical publishing house that has recently issued several 
important works on reinforced concrete. The German title ts ** Versuche mit EisenEe'on- 
Sáulen.'' The price is 6 M.—ED. 


PROFESSOR RUDELOFF’s report deals with experiments undertaken at the Royal 
Material-Testing Station at Gross-Lichterfeld, Berlin, at the instance of the German 
Reinforced Concrete Committee. The experiments, which were continued over the 
period 1907-1909, were particularly directed to the determination of the influence of 
different kinds of transverse reinforcement on the strength of columns. 

First Series. Designs for reinforced concrete columns were furnished by Messrs. 
Hüser & Co., The Concrete & Monier Construction Co., and Messrs. Dyckerhoff & 
Wiclmann. АП the columns were 2 metres long, and 13 different forms of transverse 
reinforcement were used, as shown in Fig. 1. All the columns were of rectangular 
section, 30 cm. square, except Nos. I2 and 13, which were of the same area, but 
octagonal in form, each edge being 13:65 cm. The longitudinal reinforcing rods were 
16 mm., and the transverse 7; mm. in diameter. The transverse reinforcement was 
placed at equal intervals of 20 cm. АН were prepared from the same mixture of 1 part 
cement and 3 parts of an aggregate prepared by mixing graded gravel and sand in 
the proportions required to give a product with a minimum of voids. The cement, 
from the Lossius-Delbrück Portland Cement Works, Züllchow, and the steel, from the 
Phenix Co., of Hoerde, Westphalia, were tested before the experiments, and were 
found to comply with the standard requirements for a slow-setting cement and a mild 
Steel respectively. 

Preparation of the Columns.— As the result of some preliminary experiments, 
9 per cent. of water was used in preparing the first column, but this being, in the 
opinion of those who witnessed the operation, too little, was increased to 9:5 per 
cent. for all the remaining columns. The water originally present in the aggregate 
was allowed for in all cases. The volume weights of the cement and aggregate were 
determined on quantities of то litres, and thereafter all materials were weighed instead 
of being measured. The concrete was mixed for 4 minute dry and 24 minutes wet 
т а Huser mixing machine, and each quantity of 200 kg. was covered with wet 
cloths until actually used. The concrete was rammed in vertical wooden moulds, 
which were wetted and not oiled. 

The columns remained for 3 days in the moulds and then for 10 to 12 days 
standing on the iron base, the wooden moulds being removed. After this they were 
Preserved under a thick layer of moist sand until 10 days before they were required. 
They were then transferred to the laboratory, placed horizontally, and their ends 
Made accurately parallel by finishing with cement between steel plates. It was 
found that this layer of cement was perfectly preserved throughout the testing. 
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Cross Section. | Details. 


No. | Cross Section. De tails. No. 
جرورم‎ 
جر‎ 
1 23 T 
{ Ule 444 "e t 
4 6393 


5 cm. hooks as in No.1. | 


Like Nos. 3 & 7. 


Like Nos. 4 & 7. 
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The compressive strength of cubes of this concrete, when mixed with 9:5 per 
cent. of water, was on the average 189 kg. per sq. cm., whilst when only 7 per cent. 
of water was used it was as high as 264 kg. per sq. cm., or 40 per cent. greater. 


Fic. 2. 
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LONSGIIUDINAL REINFORCEMENT IN LENGTHS 
TRANSVERSE REINFORCEMENT OF FOUR 
LOOPS EACH. 


Performance of the Tests.— 
All the tests were performed on 
columns 45 days old, a vertical 
600-ton testing machine being used, 
equipped with a modified form of 
Martens’ mirror apparatus for 
measuring the changes in length 
between two points I metre apart, 
and with special lever appliances 
for measuring the expansion in the 
direction of one of the diagonals 
(Fig. 17). 

The measurements obtained are 
recorded in a very lengthy series of 
tables. The following points became 
cvident in the course of the tests : 

Shifting of Reinforcing Loops. 
—]n accordance with the practice 
of the firms concerned, the trans- 
verse rcinforcing rods or loops were 
not attached to the longitudinal 
rods by means of wires, but simply 
bent and set in place as the level 
of the concrete rose. The result 
was that thev became displaced 
during the subsequent ramming, 
and very few were found to have 
retained their proper positions. 
The position of the fracture 
appeared, however, to be indepen- 
dent of the displacement. In some 
cases the transverse loops were no 
longer parallel, but no bending 
outwards of the longitudinal rods 
was observed at the points of 
greatest separation of the loops. 

Influence of the Longitudinal 
Reinforcement. — Experiments in 
which loads were repeatedly applicd 
and removed showed that for smal! 
loads the compression was practi- 
cally the same each time the load 
was applied, but that for heavy 
loads the compression increased, 
and was not constant even after 
ten applications. This is of im- 


portance, as the figures show that, although the longitudinal rods were per- 
manently shortened bv such treatment, the load applied to them was far below 
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their elastic limit. It follows, therefore, that the distribution of stress between 
the stecl and the concrete must have been greatly altered during the loading, the 
proportion of the stress borne by the steel being increased. Аз the steel was not 


ON FURTHER CRUSHING TRANSVERSE CRACKS | 
NFORCING LOOPs. 


APPEARED BELOW THE REINF 


Fic. 4. COLUMNS 4. 


SHOWING First DEVELOPMENT OF CRACKS 


AND ULTIMATE FRACTURE. 


COLUMNS 3. 


3. 


Fic. 


found, after destruction in the machine, to have slipped. it follows that the com- 
pressive stresses in the steel must have been balanced by tensile stresses in the 
concrete ; in fact, the permanent compression in such columns was found to be less 
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Е.кѕт CRACKS LONGITUDINAL, 


LATER CRACKS OBLIQUE. 


Fic. 5. COLUMNS 5. 


TESTS WITH REINFORCED CONCRETE COLUMNS. 


than in similar columns without reinforcement, subjected to the same loads and 
to the same number of alternations. 

Influence of the Type of Transverse Reinforcement.—The numerical results 
of the tests are summarised in Table I. Each result is actually the mean of the 
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results obtained from three exactly similar columns. The numbers refer to the 
sketches of reinforcement in Fig. 1, where details are given. All the loads are 
expressed in kilograms per square centimetre. 
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COLUMNS 10. 


Рїс. 10. 


Fis. 9. COLUMNS 9. 


TESTS WITH REINFORCED CONCRETE COLUMNS. (CONCRETE) NCDETE, 


А comparison of columns Ia, 2a, and 12a, which had no longitudinal reinforce- 
ment, with the non-reinforced columns “O” shows that transverse reinforcement 
alone is practically without influence on the amount of compression. On the other 
hand, when longitudinal reinforcement is present, its influence is greatly assisted 


OCTAGONAL COLUMNS 12. CRACKS ONLY APPEARED 
AT THE MoMENT OF FRACTURE. 


12. 


Fis. 


NOT’ BENEATH 
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THE TRANSVERSE CRACKS ARE JUST 


DIAGONAL Loops. 


COLUMNS 11. 
BENEATH THE LATERAL REINFORCING Loops, 


Fic. 11. 


by the presence of transverse reinforcement. Reinforcing rods or loops parallel 
with the sides are much more effective than diagonal loops, and in such cases as 
columns 6 and g the presence of diagonal as well as lateral reinforcement results 
in an actual increase of the deformation, instead of a decrease. The measurements 


48 


COLUMNS 12c. LONGITUDINAL REINFORCEMENT 
CUT INTO SHOKT LENGTHS. 


Fic. 14. 


WITHOUT LONGITUDINAL 


REINFORCEMENT 


COLUMNS 12А. 
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TESTS WITH REINFORCED CONCRETE COLUMNS. 


of lateral expansion show that, almost without exception, great expansion accom- 
panies great compression. The figures for expansion are therefore not reproduced 
in the present abstract. 
The ratio between com- 
pression and diagonal 
expansion is irregular, 
but has an average 
value of 6:5. 


Crushing Strength 
of the  Columns.— 
Notes were made of the 
state of the weather at 
the time of preparation 
of each column, and 
the results show that 
those prepared in moist, 
rainy weather were 
always weaker than 
those prepared in dry 
weather with the same 
reinforcement. Every 
column broke at the 
end which was иррег- 
most during ramming, 
whether this end was 
placed upwards ог 
downwards in the 
machine during testing, 
showing clearly that the 
solidity of a concrete 
column diminishes 
towards the upper end. 
Measurements of the 
specific gravity after 
saturating with water 
showed that the con- 
crete diminished in 
density upwards. 

Longitudinal rein- 
forcement alone has 
little or no influence on 
the strength, but in- 
creases the modulus of 
T s elasticity. Reference 
92 met 2 тау be made to a few 
MEME columns in which the 

pos tp longitudinal reinforce- 
ment was not continu- 
ous, but was cut up into 
lengths of 20 cm. The results obtained were variable, but Fig. 2, which represents 
one of these columns after testing and trimming oft the corners, shows that these 
short lengths of rod are forced into an inclined position by the load. 
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SHOWING DISPLACEMENT OF REINFOLCING Loops 
DURING RAMMING. 


Fic. 16. COLUMN la lI, 
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TESTS WITH REINFORCED CONCRETE COLUMNS. (CONCRETE 


The appearance of the beams after testing is shown in Figs. 3 to 16. The type of 
reinforcement used in each column may be found by reference to the corresponding 
number in Fig. 1. The general conclusion to be drawn is that the type of transverse 
reinforcement employed has a surprisingly small influence on the strength of the 
columns, certainly less than the conditions under which the columns are prepared and 
rammed. The results indicate, however, that transverse reinforcement consisting of 
a continuous rod wound round the longitudinal rods and bent over at the ends gives 
better results than short rods hooked 
at each end. Diagonal reinforcement, or 
alternatelv diagonal and lateral, is unfavour- 
able, as is seen particularly in the fact that 
columns reinforced in such a manner develop 
crac:s long before the application of the 
ultimate breaking load. Lateral reinforce- 
ment leads to the development of transverse 
cracks and to the shattering of the concrete, 
but only when the ultimate breaking load 
is reached. Octagonal columns also behave 
better when reinforced with a single rod 
wrapped completely round than with a 
number of short-hooked rods. The peculi- 
arities of the fractures in each case are best 
seen from an inspection of the photographs. 

Second Series.—The results of the 
foregoing tests having been discussed by the 
committee, it was decided to carry out 
certain further experiments, utilising the 
experience already gained. Columns were 
prepared from the same materials (the later 
consignment of cement, however, giving a 
stronger mortar), but the ballast was sifted 
and graded, and definite quantities of each 
grade used. The proportion of water was 
reduced to 8:2 per cent., and the wooden 
moulds were neither oiled nor wetted. In 
order to avoid the influence of weather the 
columns were prepared indoors. The trans- 
verse reinforcing loops were placed 15 cm. 
apart, and in order to guard against acci- 

Fic. 17. dental displacement were wired to the 

vertical rods before introducing the concrete. 

The steel pins required for the measurements were rigidly attached to the reinforcing 
rods instead of being inserted in the concrete as in the first series. 


The types of reinforcement used are shown in Fig. 18. It will be seen that, in 
addition to some minor modifications in the arrangement of the reinforcing loops, the 
octagonal columns, 19 and 20, were prepared with 8 longitudinal reinforcing rods, 
No. 19 having spiral reinforcement and No. 20 reinforcing rings. The spirally 
reinforced columns were constructed under the direction of Messrs. Wayss & Freytag. 
The total length of each column was only go cm. instead of 2 metres, and the changes 
of length were measured between points 50 cm. apart. 
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Results of the Tests.— The numerical results are summarised in Table II. 


tipe of 
onding As before, each result is the mean of the results from three exactly similar columns. 
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"PR ass measurements at different heights showed that in all cases the columns 
Мури Швей under load, although to a less extent than in the columns containing 
swell orcement. The columns with S-diagonal reinforcement showed the least 

ng. The ratio of longitudinal compression to lateral expansion was much less 
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TESTS WITH REINFORCED CONCRETE COLUMNS. 


in the second series than in the first, being about 2:3 instead of 6:5. This difference 
is probably due to the greater density of the concrete in the second series, the denser 
concrete naturally yielding less under compression. 

As before, fracture took place at the end which was uppermost during ramming. 
The pyramidal fracture was generally well devcloped. The ultimate fracture of the 
spirally reinforced and hooped columns was accompanied by the breaking of the 
hoops at several distinct points. 

The greatest strength was given bv the spirally reinforced octagonal columns. 
the hooped octagonal columns coming next in order. The columns without rein- 
forcement were the weakest. Of the square columns, the best results were given 
by the O-loops (14) and the worst by the continuous reinforcement /15), this result 


TABLE I. 
Compression Load at Relative Strength. 
Longitudinal Transverse in Parts per د2‎ 
No. | Reinforcement.| Reinforcement. | 10,000,000 | | | 
under 87 Kg.| Cracking. | Fracture. | Cracking. | Fracture. 
Kg Kg. 
o | None v | NODO snc РЕ 855 140:6 140°6 | 100 100 
1 | Continuous... | 4 O-links 616 133°6 1336 | 95 95 
2 9 . | Continuous ... 586 1534 1535 | 105 109 
3 Ӯ ... | 4 S-links saa 617 158-1 158-1 112 112 
4 d ... | 4 C-links A 705 I48:4 IS4I | 106 IIO 
5 E ... | 2 diagonal  ... 654 I31*0 151:6 93 108 
ia | None ... | 4 O-links sas. | 946 131:3 I301:4 | 93 93 
2a - . | Continuous ... 584 1340 135°4 95 96 
Іс | Short lengths | 4 O-links e» 686 162:9 162:9 | 116 116 
SKT uw » Continuous... 850 129:4 I31:6 92 94 
6 | Continuous... | 4 O-links and 2 711 119°3 150°9 85 107 
| A diagonal 
7 " ‚ Continuous and 714 124:8 I51:2 89 108 
| .2S-diagonal | 
8 3; .. | 4 S-links and 2 677 125:8 I53:0 89 109 
S-diagonals | 
9 js e. 4 C-links and 2 744 117:6 135'I 84 96 
| S-diagonals 
Io | " .. Alternately O 8o1 103°4 132°2 74 94 
| and diagonal | 
11 2i ... Alternately con- 539 106°7 136:8 76 97 
tinuous апа 
diagonal 
| 
| OCTAGONAL | 
12 | Continuous... Continuous 518 1576 | 157:6 112 | II2 
3 » . Overlapping 103 
rings 
124| None ... | Continuous III 
nd Short lengths " 93 


being in decided contradiction to that obtained in Series I. As before, it was found 
that the presence of diagonal as well as lateral reinforcement in the same section 
actually weakened the columns. 

The steel used for the spiral reinforcement was of exceptionally high tensile 
strength. It appears that this fact influences the breaking load, but not the point 
at which cracks appear. Yielding of the hooked ends of reinforcing loops was not 
observed in any case. 

Density of Concrete.— The fact that the upper end of a column always proved 
to be the weakest part suggested some special experiments with columns not con- 
taining any reinforcement. Nine columns were therefore prepared, each 2 metres 
high and 30 cm. square, in the same wooden moulds. The proportions of cement 
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and ballast were varied, three columns each being prepared of 1 : 2, I : 4, and 1: 6 
mixtures. The particulars of the water used in mixing are given in Table III., where 
the results are summarised. Immediately after ramming samples were taken from 
the top, middle, and bottom for the determination of the density and water-content. 
The results show that the proportion of water after stamping is very considerably 


TABLE II. 


| Compression Load at | ub er m 

No. Longitudinal Transverse in Parts per Mut 
, Reinforcement. Reinforcement. 10,000,000 
under 113 Kg. Crack- Frac- Concrete Steel 
ing. ture. ' ob сс 

14 4 rods, 16 mm. | 4 O-links iis 734 193:5 196:8 . 192 | 2,880 

15 - Continuous ous 853 170°2 176:6 173 2,600 

16 | M 2 diagonal S-links 697 185-5 187°0 183 2,750 

17 Б Continuous and 2 —- | 168-0 178:3 175 2,630 

diagonal S-link | 

18 None ... ... | None ‘ne kd 1,265 155:4 1554 172 — 

19 8rods, 11 mm. | Spiral >... Wes 1,057 191:6 208-6 206 3,100 

20 H Rings  ... va — 196°4 200°0 | 197 2,960 


| | 


* All loads and stresses are expressed in kilograms per square centimetre. The stresses in the 
concrete and steel respectively are computed in accordance with the Prussian regulations. 


TABLE III. 
f у Maa N O 
| 
Density of Dry | Per Cent. of Water 
| Propor- Concrete. immediately after ramming. 
7 tions of | Water, | Е د ج‎ — == =_= mu 
No. Cement Per | 
апа Cent. Mean Ratio 
Ballast. Top. | Middle. | Bottom. Top. , Middle. | Bottom. | to Original 
| Per Cent. 
С ЧЕТДА "RED yes EP —— enm | 
DNE CT 8-0 2:29 2:34 2:34 6:8 6:3 54 75:7 
П. 1:2 9-0 2:28 2:29 2:34 6-2 6:5 5:6 757 
UL 1:4 10:5 2:23 2:30 2:28 9:2 8-8 2۰8 75:7 
Ws GI" 7-0 2:27 2:33 2:34 5:9 5:8 49 | 742 
V. 1:4 8:2 , 224 | 128 2:29 6:8 5:8 5:6 742 
E D:4 9*5 2:19 2:24 2:25 72 6-4 6.2 74:2 
ҮП 1416 6:5 2:23 2:28 2:28 5*0 5:5 5*4 82:5 
ARI $279 75 2:23 2:26 2:30 6-0 5:9 6-0 82:5 
> ЖЫ 16 8-5 2:20 | 221 2:20 8:3 7:5 6-0 82:5 


less 


than that in the original mixture, lean mixtures losing the least. Only a small 
part of the loss is to be attributed to chemical combination, as the time elapsing 
lore taking the sample was considerably less than the setting time of the cement. 
The water-content increased from the base of the column upwards. The proportion 
of cement increased slightly upwards. On the other hand, the density of the concrete 
was very markedly greater in the lower portions of the columns. 
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RECENT VIEWS ON 
‘CONCRETE AND REIN- 
FORCED CONCRETE. Д 
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= eR KA SOME PAPERS & DISCUSSIONS. 
It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure.—ED. 
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GENERAL CONCRETE PRACTICE. 
Paper by Mr. THOMAS POTTER. 


The following ts an abstract of a dy 5 under the above title which was read Ьу Mr. T. Potter 
at the General Meeting of the Concrete Institute held on December 15th, 1910, at the Royal United 
Service Institution, Whitehall, London, S.W. Sir Henry Tanner, President of the Institute, was in the 
Chair. 

THIS paper has been confined to the use of concrete in connection with buildings, 
apart from any association with reinforcement or steelwork, for the consideration 
of which the limited time at disposal does not permit. 


Theory and Practice. —Concrete and its application appear to set most theories 
at defiance—many that have been proposed hitherto, with every good reason for 
acceptance, have been negatived in practice. Мо doubt eventually there will be 
much valuable information and data made common in connection with the use of 
concrete that may be relied on by the architect, builder, and clerk of works. At 
present the information available is not altogether of that character. For this 
reason, treatises on concrete, written only a few years ago even, based principally 
on theoretical deductions, should be read with caution 

The very simplicity of concrete has led to its abuse, for it has been, and is still, 
often considered that anything nearest to hand—for instance, pit gravel of any 
description, broken stone and brickbats mixed with all kinds of rubbish—will do 
for an aggregate ; that the cheapest cement in the market is quite good enough for a 
matrice; and that the cleanliness of the water requires no consideration—anything 
will do. 

This is altogether wrong. 

Labour.—Another factor is the human equation. The cement may be good, 
the aggregate of a suitable nature and well graded, and the water clean, but if the 
materials are not thoroughly mixed and the water not suitably proportioned, the 
value of the concrete is seriously diminished. Machine mixing remedies this to a 
great extent, but for many building purposes mixing machines do not seem as vet 
to find much favour. The mixing of concrete is not a favourite occupation with 
workmen ; it is laborious work which can be lessened if the materials are not wrist- 
turned, but simply lifted in the shovel and deposited close at hand without being 
turned over. 


Suitable Aggregates.—The principal materials more or less adapted for aggre- 
gates most of which I have used are granite and other stone quarry chippings, 
broken brick or tile-yard debris, burnt clay, slag from iron ore, flints, furnace or 
boiler ashes, coke breeze, and chalk. Chalk would be rarely used in an ordinary 
way, more especially the top strata, which is soft, porous, and easily affected by 
frost; but I have used it where it was difficult to obtain any other except from a long 
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distance. For small holdings in chalk districts, no doubt, good substantial dry walls 
сап be made with chalk concrete where better aggregates cannot be obtained. 


Coke Breeze.—Coke breeze as an aggregate is thought by many to be beneath 
notice. It was extensively used for many years, principally for floors, but I submit 
undeservedly lost its character some time since through a letter in the Times telling 
of its failure in Germany, where it had been prohibited. It was not stated, I believe, 
of what class of coal it formed the residue, and this is an important point. This 
letter was followed by others telling how it was of such an inflammable nature that 
if exposed to a severe fire it was second only to coal in assisting combustion. Another 
letter stated that it disintegrated in the course of a few years and crumbled away. 
It was a case of giving a dog a bad name. 

So far as its strength is concerned, Mr. Kirkaldy made some experiments for 
the West Ham Corporation some years since, with the following result: A brick 
pier, 18 in. square and 18 in. in height, made with best stock bricks and blue lias lime 
mortar, crushed at the end of two years with 46 tons per sq. ft.; a similar pier of 
Harold Wood bricks and blue lias lime mortar crushed with 75 tons per sq. ft. ; 
another pier made of 6 parts of coke breeze to 1 part of Portland cement crushed 
with 131 tons per sq. ft. 

As to inflammability, the tests made by the British Fire Prevention Committee 
with various kinds of floors, each under similar conditions exposed for three hours 
to an increasing and ultimate temperature of r,900?F. and water played on them 
from a hose pipe, gave the following results: Coke breeze and burnt ballast equal 
and best: each was found, after being allowed to cool, practically free from cracks 
or deflection ; and Thames ballast and granite chips the worst. 

| have used some thousands of tons of coke breeze for floors and do not remember 
a failure of any kind therewith. I am aware that coke breeze is condemned by many 
as an unsuitable aggregate. І can only speak from my own experience ; and although 


it is not, taken altogether, the best material for floors and roofs, I have found it one 
of the best. 


_Ashes.—One of the best aggregates for most purposes is ashes from locomotive 
boilers, It contains no impurities, is obtainable at most railway stations, and is 
Inexpensive ; but one company—the London and South Western—allow their engine- 
(Ivers, when passing through a lias limestone district, to use fragments of limestone 
in the furnaces to economise the coal consumption ; it is not very perceptible among 
the ashes, and does not slake perhaps for some time after the concrete has been in 
place ; but when it does, it entirely ruptures the concrete. I have known floors and 
stairs to be entirely reconstructed as a result. Where locomotive ashes are employed 
Inquiry should be made relative thereto. 

United States Government tests have proved that the carbonate of lime which 


5 so large a constituent of Portland cement neutralises the effect of sulphur 
eeregates to a great extent. 


Parts of Aggregates Equivalent to Sand.—lt is usual to specifv that the 
sandy and dirty element in some aggregates shall be screened out and replaced by 
“oars. sharp sand, but I could never understand the object of this. The coarse sandy 
clement of Suitable aggregates such as slag, furnace ashes, brick debris or crushed 
Stone chippings is in every wav as good as pit or Thames sand, but it is desirable to 
eliminate the portion below the size of coarse sand, and I assume it is considered 
"practicable to remove one without the other. But my experience is that it is more 


economical and effectual to wash out the fine, dirty, and dusty particles and leave 
In the coarse, sandy ones. 


ar Сах Aggregate.—The size of the aggregate has long been a disputed point, 
ni 


iT States Government tests have confirmed what has always been my practice, 

Sdn at no matter the purpose for which it is used, the coarser the aggregate, 

Teka ps homogencity or denseness is secured, the stronger the concrete. 

a ША it IOWEVET, depends upon the nature of the work. А very coarse aggregate, 

bt or Ed by intermediate sizes down to that of coarse sand, would be the 

Mure wide and deep foundations, but far too coarse for floors, roofs, walls, or 
ons—-it depends entirely upon their thickness. 


form 
ma 
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Cleanliness. — Тһе cleanliness of the aggregate is another factor of the greatest 
importance. Most aggregates are unclean, except, perhaps, river gravel from a 
quick-running stream. Very few pit gravels are clean, and, as a rule, they are the 
most difficult to wash ; they are usually mixed with unctuous clay, which is difficult 
to get rid of and which is injurious to cement. If clean, the particles are usually of a 
rounded shape, the result of attrition at some former period, and not a desirable one 
for an aggregate. 

It may be thought that quarry waste, brick-yard débris, slag and materials 
generally that have passed through fire are quite free from deleterious matter, but 
they are not. If they have passed through fire and been broken by hand or by a 
stone-crusher, the particles will be found covered with a fine, impalpable dust, almost 
imperceptible. If washed in a tub, as an experiment. and kept well stirred the 
water will be found charged to a considerable extent with this dustv element which 
is injurious to cement. Practically nearly all aggregates are very much improved 
by washing, which is an economic process if measured by strength. 


Mixing Concrete.—The aggregate and matrice should be turned over twice 
drv and twice while water is being added, and never less ; the more thev are mixed 
the better the concrete, and the more readily the various sized particles find their 
respective positions in the mass. 

For many years it was advocated that only as much water should be used as 
will coat the aggregate with the cement and render the concrete of a sticky character. 
Actual practice is convincing enough to prove that this is wrong. The particles of 
the aggregate do not slide easily into place, and the concrete is not dense. But if 
the concrete is in a sloppy condition, better homogencity or denseness is the result. 
It is almost needless to say that the water used in mixing concrete should be clean ; 
if otherwise it is equal to using an unclean aggregate. 


Plums or Packing.—Packing may be any size so long as it does not reach the 
vertical faces of foundations or monolithic walls bv at least 2 in. and the particles 
are kept apart at least 2 in., and are well rubbed in the soft mass, not merely laid on 
the concrete. Obviously the material must be clean. 

Concrete Walls. —The disadvantage of bvilding monolithic concrete walls is 
the cost of the forms or shuttering necessary for forming the troughs in which the 
concrete is to be deposited. In addition, unless it forms a backing to stone or brick- 
work, it has to be cemented or rough cast externally, so that the cost is often more 
than brickwork. For buildings of some magnitude of a plain character, free from 
irregularities of plan, and of a simple design, such as warehouses, farm buildings, 
and factories, it сап be used in most cases to advantage, so far as regards cost, 
while it possesses much greater strength and durability and freedom from thc 
necessity of repairs, more so than ordinary brick walls. 

With regard to monolithic concrete walls being weatherproof, I have never 
known an instance of their being otherwise if they were cemented or rough-cast 
externally. 

As a hygienic material concrete is superior to any other. If we go into the 
rooms of a brick house after they have been shut up for some time there 15 often a 
musty smell prevailing. I never found this in a concrete house or cottage after 
being closed for a time. 

The rooms in a well-built concrete house are cooler in summer and warmer in 
winter than those of a brick house, as concrete walls are more equable in temperature 
owing to thcir being non-absorbent and not so readily chilled as brickwork. 

The Future of Concrete. —W'th regard to the future of concrete for buildings 
and allied purposes in large towns, its present use seems to indicate that it will be 
confined principally to floors and roofs, and in connection with skeleton steel frame 
construction and certain purposes for which cement and granite chips can be em- 
ployed, such as pavings, steps, stairs, sills, lintels, ete. [n the country there should 
be great scope for the use of concrete. Eventually concrete building тау be. and 
should be, a distinct occupation. The walls of factories, workshops, warchouses. and 
a similar class of buildings where no great architectural efforts are needed, and which 
are simple in plan and arrangement, can be built at a less cost than with brick cr 
stone, and for farm buildings it is still better adapted, as it is applicable not only to 
walls, but to pavings for livestock places and for floors, and almost the entire 
fitments. Mangers, feeding-troughs, water-troughs. tanks for storing rainwater, 
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stable stall divisions, channel gutters, and manure pits are all better executed with 
concrete than with any other material, and at a less cost. 

Buildings of this class are practically free from the farmer's enemies, rats and 
mice, or can be made so with a little care. Rats, the most cunning of rodents, very 
much dishke concrete buildings. They can bore their way through a brick wall, 
but thev never attempt to practise on a well-constructed concrete wall. 

On hvgienic grounds it is superior to most other materials for farm buildings. 
Healthv surroundings are almost as much a necessity for cattle as for human beings. 

For cottages and buildings, for small holdings, it is also well adapted. Where 
low-lving grasslands and meadows are intersected by running streams there is a 
necessity for foot-bridges, cattle-bridges, sluices, hatchways, sheepways, etc., and 
for which there is nothing can compare with concrete for economy of cost and 
durability. 


THE INSTITUTION OF CIVIL ENGINEERS. 
MANCHESTER ASSOCIATION OF STUDENTS. 


CONCRETE AND REINFORCED CONCRETE PILES. 
Paper by HAROLD J. F. GOURLEY, B.Eng., Stud.Inst.C.E. 


= On November 23rd last Mr. H. J. F. Gourley read a paper entitled ** Concrete and Reinforced 
Concrete Priles ° before the Manchester Students’ Association of the Institution of Civil Engineers. A 
number of lantern slides were shown, and an interesting discussion followed. We give a summary of the 
paper below. 


Generally.—To obtain timber piles of a uniform quality has been an increasing 
dificultv. Wooden piles may also be defective though apparently sound, judging by 
their external appearance. With thorough supervision and the use of properly graded 
materials there should not be any difficulty in securing perfect uniformity and 
soundness in concrete and reinforced concrete piles. 

The load placed upon an average wooden pile may be taken at, say, 15 tons, 
whilst on concrete piles an average load is 40 tons or more, depending on the particular 
{уре of pile adopted. 

The wooden pile must always be wet. If this condition obtains, the life of the 
pile is long ; should the pile, however, be subjected to the partial wet and dry state, 
deterioration soon sets in, and its life is very short. Cases have occurred where 
wooden piles have been driven with the entire length of the pile below the water 
level. and in which the piles have been exposed to the danger of the dry condition 
owing to a subsequent lowering of the water level. There is no such risk where 
concrete piles are used, nor is it necessarv to drive the piles so as to be below the 
water level. Since the timber piling cannot stand above the water level, the trench 
for the foundation must be carried down to this level, and must be wider than is 
required for the concrete pile foundation, since the wooden piles can carry so much 
less than the concrete, and must therefore be more numerous. If one takes into 
consideration the extra depth and width of trench, together with the cost of timber 
sheeting and possibly pumping, it is evident that in this case a considerable saving 
follows the use of concrete piles. The saving, of course, depends on the depth of the 
ground water surface below the ground level. 

Reintorced Concrete Piles for Marine Work.—For marine work reinforced 
concrete piles offer certain advantages. They compare favourably with timber as 
regards cost, and they are immune from the ravages of the teredo navalis, which is 
a decided advantage in many cases. Up to now no really satisfactory method of 
laterally bracing jetties constructed of reinforced concrete has been found—the 
ditticulty being that braces cannot be moulded under water, and even if they аге 
moulded ashore no suitable means of connection to the vertical piles has been devised. 
It is not known, either, whether the shocks during the driving of reinforced piles 
cause hair cracks, through which moisture can penctrate, or not. If such cracks 
are formed they may in time lead to serious disintegration, and this is a point which 
It would appear desirable to investigate before expressing entire satisfaction with 
reinforced concrete piles for such work. 


: Concrete piles may be divided into two classes according as they are cast in place 
r cast in moulds, and are driven much in the same way as timber piles. 
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'" Cast-in-place " piles are generally, though not necessarily, without reinforce- 
ment, and the pile hole is made artificially and afterwards filled with concrete. 

'" Cast-and-driven " piles are always reinforced to enable them to withstand 
successfully the tensile and shear stresses due to handling and driving. The risk 
of damage during the driving of such piles is much reduced in most cases by making 
free use of the water jet, and in others by using a special driving cap to protect the 
head of the pile. 


" CAST-IN-PLACE" PILES. 

' Compressol '' Piles.—]n the ''Compressol" System, a hole is formed in 
the ground by dropping a conical '' perforator," about 1o ft. long, 3 ft. dia. at its 
upper end, and weighing 2 tons. from a height varying from 30 to 50 ft. In addition 
to forming the hole this operation causes a considerable compression and consolidation 
of the strata. The top of the perforator is provided with a cutting edge, which 
clears the cavity when the die is hauled up by the winch after each drop. А poor 
concrete—about 10 to 1—15 deposited in 12-in. layers, each layer being thoroughly 
rammed by a 2-ton rammer, which is so formed as to drive the concrete laterally 
into the strata surrounding the well made by the perforator. The size of the finished 
pile depends on the nature of the strata passed through, the concrete naturally spreading 
more in soft than in hard strata. 

Some of the advantages claimed for this system are, briefly : Continuity of section 
from top to bottom is ensured, and the danger of admixture of concrete and surrounding 
strata is largely obviated. In any case the great section (4 to 6 ft. dia.) provides 
an ample margin for such contingencies. Comparing the corrugated surface of the 
piles, due to differences in the strata passed through, with the plane surfaces of other 
piles, one sees what a large amount of skin friction, which adds greatly to the bearing 
capacity of the pile, is provided. The disturbance caused in the vicinity during the 
whole operation is very slight, and this makes the use of “ Compressol " possible 
when ordinary pile driving would be out of the question. 


* Simplex" Piles.—1n the “ Simplex " method of constructing foundations а 
hollow cylinder is driven to a firm bearing ; this cylinder is gradually withdrawn 
and the hole made good with concrete rammed with a heavy hammer. 

The cylinder or former is of } in. or ў in. lap-welded steel, generally 16 in. dia., 
and from 30 to 40 ft. in length, made up of two or three lengths cross welded. The 
upper part is strengthened to withstand the impact of the hammer by a {-in. riveted 
band, 18 in. deep ; and a narrower band, } in. thick, is riveted to the lower end above 
the shoe. 

The hinged jaws, or alligator point, are toothed so that when closed they form a 
conical driving point ; and when open, during the withdrawal of the former, they 
form part of a cvlinder of the same section as the lower part of the cylinder, and 
thus will lie close to the sides of the hole and leave an unobstructed passage for the 
concrete from top to bottom of the cylinder. 

As the diameter just above the alligator point is rather greater than that of the 
body, the frictional resistance at withdrawal is reduced considerably. 

The cylinder is sunk into the ground by a pile driver, which differs but little 
from the ordinary type. The driving cap is a steel casting having a socket at the 
bottom, which fits into the head of the former, and the head of the pile is kept in 
position by making this cap slide between channel irons. A hardwood plug, 15 in. 
dia., fits into the top of the driving cap, and projects a few inches to receive the blows 
of the cast-iron hammer, which weighs 30 cwts., and falls 6 to Io ft. 

When the cylinder has reached the required depth it is filled in one of two ways. 
The simplest is to fill the tube up with concrete to a hcight of several feet above the 
level of the finished head of the pile, to allow for its settling as the cylinder is with- 
drawn. The pulling tackle is then attached and the former gradually withdrawn, 
the concrete at the same time sinking, expanding, and filling the hole left by the former. 
As the tube comes up, a thin film of water forms on the inside, and this reduces the 
friction. The pulling up, by causing a turning-over action in the particles forming 
the aggregate, tends to form a denser mixture. On the other hand, it would appear 
that the surface of the finished pile is smooth as compared with the surface obtained 
by the second method. 

The other way of filling is to put in about 3 ft. of concrete and then raise the 
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cylinder 2 ft. This concrete is then rammed by a 3oo-Ib. hammer, and a further 
3ft. of concrete is added. The cylinder is raised 2 ft., and the material again rammed. 
Proceeding in this way, the hole made by the cylinder is filled, and should the material 
about the pile be soft, it is quite likely that the diameter of the pile will exceed that 
of the cylinder. 

The '' Simplex " pile has the advantage that no preliminary boring on a site 
to be piled is required, and there is no waste caused by cutting off, or extra cost due 
tosplicing. Its bearing capacity is determined either by the final set of the former or 
by loading a trial pile. 

“Raymond '' Piles. —This pile is usually placed by the pile core method, which 
mav be briefly described as follows : A collapsible steel pile core of the desired size 
and shape is encased in a thin closely fitting sheet steel shell. This core and shell 
are driven to the required depth by means of a pile driver, frequently fitted with a 
steam hammer. The core is so constructed that when the driving is finished it can 
be collapsed, losing contact with the shell, so that it is easily withdrawn, leaving the 
shell or casing to act as a mould for the concrete. 

When the core is withdrawn the shell is filled with a well-mixed concrete— 
usually 8 to 1—carefully tamped during the filling process. Before the concrete is 
put in, the interior of the shell may be inspected by lowering an electric light into 
it. or bv reflecting sunlight by means of a mirror, so that perfection of shape is assured. 
Of course, in this pile there is no danger of admixture of earth or of a weakening of 
the concrete due to the character of the strata passed through, but we.do not get a 
corrugated surface such as is obtained where a shell is not used. It is known that 
iron is preserved in certain kinds of material, but in others it rapidly corrodes. Such 

an effect in the case of the shell may allow a small—since the shell is thin—settlement 
in the pile some time after it has been driven, and this settlement may have serious 
results in the superstructure. 

" Raymond " piles have a large taper—a 3o ft. pile would be 20 ins. diameter 
at the top and 8 ins. at the bottom—and this appears, from numerous tests which 
have been made, to give them a high carrying capacity, evidently owing to the fact 
that in the case of a tapered pile the load is more uniformly distributed throughout 
its entire length, whilst in a straight pile the load is largely concentrated on the limited 
area of the point. As regards their carrying capacity, this is usually determined 
bv a trial pile, but has been found from the final set of the shell ; a 22 ft. pile driven 
in sand and clay to a soft bottom carried over 60 tons with a very slight settlement. 


*" CAST-AND-DRIVEN" PILES. 


_ Strong timber moulds are constructed of the length, size, and shape of the proposed 
Pile, one side being left open and gradually closed as the concrete is filled in. 

In vertically moulded piles the reinforcement is placed in its proper position, 
the lower ends of the bars being bent inwards towards the metal shoe, if such be used, 
Or to form the shoe. The metal shoe is firmly attached to thc pile concrete by 
wrought-iron straps. The connecting pieces and stirrups are dropped over the top 
and fixed in their places opposite gauge marks on the edge of the mould, the distance 
apart of these connectors varying from 2 ins. at the top and bottom to ro ins. at the 
«entre. The faces of the mould are well soaped, to prevent the cement sticking to 
them. before the filling in begins. The concrete is put in in small quantities and 
well rammed around the reinforcement, the open side being closed by battens 4 ins. 
wide fitting into grooves in the casing as the filling proceeds. 

. . Horizontal moulding is done in much the same manner, except that in this case 
It is not necessary to close in the fourth side, though a light covering may prevent 
accidental damage to the green pile. 

The pile is left in the mould for a couple of days, and then for a month or morc, 


according as it is summer or winter, it is kept in a moist state, and at the end of this 
penod it is matured and ready for driving. 


It is most essential that the point of the shoe should lie in the axis of the pile, 
and that the bey 


сү els of the toe should be equal, otherwise great difficulty will be 

is Be In getting the pile to drive truly. As the cutting off of reinforced piles 

ids Sin and expensive job, it is important that the lengths of the various piles 
known with certainty. 

е " Hennebique '' Pile.—In the '' Hennebique " pile the longitudinal reinforce- 

consists of round bars varying in diameter from 1 in. to 1$ in., one being placed 
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near each corner of the rectangular pile, wired together with ,3, in. wire stirrups and 
distance pieces to prevent the bars spreading under a vertical load. The toe is 
pyramidal in shape, shod with a cast-iron shoe secured to the pile by wrought-iron 
straps. The head of the pile is circular—the bars being bent inwards—to receive 
the cap used in driving. Frequently the longitudinal bars are allowed to project 
above the concrete head of the pile to facilitate the subsequent joining up with the 
superstructure ; the form of the cushion head, of course, allows of this being done. 

To be prepared for hard driving, all moulded piles should be provided with a 
pipe down the centre to permit of water pressure being used. The pipe leaves the 
pile at a distance of about 3 ft. down from the top end, this being done to avoid 
damage to the pipe in driving, and also in order that a flexible pipe connection can 
be made so that the water-jet can be applied to the point of the pile simultaneously 
with the driving operations. 

A water jet greatly assists the driving of a pile—firstly, because the water 
returning along the sides of the pile reduces the frictional resistance to its motion ; 
and, secondly, by softening and scouring out the material immediately underneath 
the pile is enabled to penetrate more easily. 

The ‘‘Gilbreth’’ Corrugated Pile.—The '' Gilbreth " corrugated pile is much 
used in the United States, and possesses one or two features which merit a little 
consideration. In the section there is a series of exterior longitudinal grooves which 
extend for nearly the whole length of the pile, and an axial tapered hole is arranged. 

Compared weight for weight with a solid smooth reinforced pile, the '' Gilbreth ” 
would appear to be quite as strong, if not stronger, and the increased perimeter con- 
siderably increases the area in contact with the surrounding soil, and hence the bearing 
capacity of the pile. It is most frequently driven by the water jet, and the external 
grooves serve as channels for the return of the water and the material carried up 
with it. Asa rule, the water jet is withdrawn from use when the last foot of penetra- 
tion is to be accomplished, and monkev driving is then used to ensure that the 
necessary bearing power has been obtained. 

The ''Considere'' Spirally Armoured Pile.—In the ''Considére " Spirally 
armoured pile the chief feature is the spiral armouring which is used to prevent the 
lateral bulging of the concrete, without which crushing cannot ensue. °“ Con- 
sidére " claims that the experiments carried out bv the French Commission on 
Reinforced Concrete show that spirallv armoured columns are at least two and a 
half times as strong as similar columns having the same percentage of metal disposed 
in the form of longitudinal bars and lateral ties. Quite apart from the question of 
strength, the spiral armouring appears to be of great value, in that it allows the 
pile to be driven with a minimum of damage to the concrete mass. 

For piles of this type up to 45 ft. in length, and, say, 14 ins. dia., the spiral 
is 3 in. dia. steel wound to a dia. of II} ins., with a pitch varving from I} to 2 ins.. 
and the eight longitudinal steel rods would be $ to 1 in. dia. The shoe consists 
of a steel casting. The spiral armouring is increased in diameter and diminished 
in pitch at the extremities of the pile. The concrete used is a rich mixture—about 
3 to r—and the minimum period allowed for maturing is six weeks. Whether a 
steam or an ordinary pile driver is used, the monkey is allowed to fall directly upon 
the head of the pile without the intervention of a cushion or dolly of any kind, 
and even in hard driving it has been found that the damage to the head has not 
extended more than a few inches down. 

Since it appears * that the compressive strength of concrete increases with the 
weight of the concrete, the proportion of cement to the other matcrials remaining 
constant, a mixture of the maximum density should be aimed at. The aggregate, 
frequently of ballast, though preferably of broken granite or other dense material, 
should be graded from 1 in. to À in., and with only as much sand added as is 
necessarv to fill the voids in the coarse material. The concrete should be mixed 
rather wet, and well worked in and about the reinforcement, which, particularly 
for marine work, should have at least 14 ins. cover; and to ensure a uniform set 
of the concrete throughout the section of the pile and the minimum time for maturing, 
a slow-setting cement is to be preferred. 


* Taylor & Thompson, "Concrete, Plain and Reinforced,” p. 391; Prel. and Interim Report, 
Committee on Reinforced Concrete, Inst.C.E., pp. 196, 197. 
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REINFORCED CONCRETE LIBRARY. 


NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design. —ED. 


CARNEGIE LIBRARY, LLANDUDNO. 


Тиг building described below is probably one of the first libraries in which reinforced 
concrete has been adopted to any extent. It is situated in Mostyn Street, Llandudno, 
the main thoroughfare of the seaside resort in North Wales. 

The architect, Mr. G. A. Humphreys, F.R.I.B.A., of Llandudno, originally 
intended using ordinary steel construction for the main structural portion of the work, 
but owing to the economy attainable by the use of reinforced concrete, and what is 
very important in a public building—viz., fireproof construction, he decided in favour 
о! the latter. 

Keinforced concrete was adopted for the floors, staircase, dome, flats, gallery 
end columns. 
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View of finished building. 


CARNEGIE LiBRARY, LLANDUDNO 


NEW WORKS IN CONCRETE. (CONCRETE) 


The floors were designed to carry a safe load of 1} cwts. per sq. ft. From the 
drawings it will be seen that the walls of the original building which stood on the site 
have been used for supporting the ground floor, the slab being 4 in. in thickness and 
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CARNEGIE LIBRARY, LLANDUDNO. 
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reinforced with }-in. bars, $-1п. cover being allowed for reinforcement, the surface of 
the floor being prepared for wood blocks. The first floors are suported on reinforced 
concrete beams, j-in. bars being the chief reinforcement, the bars being turned up at 
the end for shear. i 
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AN NEERING 


As it was necessary to obtain top lights for some of the rooms, lantern lights 
"tre used, supported by flats, the beams being so arranged to support the lantern 
иһ a 12 in. by 6 in. parapet wall being built round lantern well, into which bolts 
"ere sunk to receive lantern lights. 

All flats were asphalted to give a thoroughly watertight finish. 

The staircase was built of concrete in situ. As will be seen from the drawings, 
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Details of reinforced concrete work. 
CARNEGIE LIBRARY, LLANDUDNO 
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"ad PM two flights of steps leading from the ground floor to the gallery on the 
to be ا‎ Ich SIVes access to the rooms on this floor. The staircase is so desigr.ed 
ts isi ET AP main reinforcement, as will be seen from. the drawings, 
cranolithic na with cross bars at 2 ft. centres, the whole being finished in 
ГР dbi mouldings planted on. Li ras | 
anchorage id the staircase lands on a gallery, which is in the form of a cantilever, 
5 Ing obtained as shown on the drawings. Reinforced concrete columns 
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(CONCRETE) 


rise from the gallery supporting the dome, which gives light to staircase and portion 


of the ground floor. 


The dome is 18 ft. in diameter and rises solidly for about half its height, the 
remainder being used for lighting purposes. It springs from a circular beam supported 
by columns ; the main reinforcement being $-in. bars, anchored into the circular 


100 


7 


Q 


CARNEGIE LIRRARY, LLANDUDNO. 


beams. The top portion of the 
dome is divided into eight 
parts by ribs, tapering to a 
circular ring at the top; the 
reinforcement for the ribs being 
four À-in. bars hooked round 
two 1-in. bars in the circular 
ring. The whole gives a very 
light and pleasing effect, which 
would have been impossible to 
attain with ordinary steel 
construction. The reinforced 
concrete work was carried out 
by Messrs. Henry Johnson & 
Sons, of Fontenoy Street, Liver- 
pool; The Patent Indented 
Steel Bar Co., of Westminster, 
S.W., supplying the reinforcing 
steel; Mr. J. Parr Emett, 48 
Castle Street, Liverpool. being 
the consulting engineer. 


REINFORCED CONCRETE 
STORES AT CHELSEA 
FOR MESSRS. WHITBREAD 
6 CO., LTD. 


THis building is constructed 
throughout of reinforced con- 
crete, with the exception of 
the external walls, which are 
in brick, and it occupies an 
arca of about 7,900 sq. ft. 
There are four floors in all, 
including a basement storev, 
and, on account of the usc for 
which it is intended, the loads 
calculated to come upon the 
floors were somewhat heavy ; 
and provision had to be made 
for a cartway and loading stage 
over the basement floor. The 
ground floor is used as a filling 
room, the first floor as a 
stacking room, and the second 
floor as a washing room. 

The columns of reinforced 
concrete are spaced at Io ft. 
centres in the direction of the 


length of the building and at about 19 ft. 6 in. centres across the width of the 
building, as will be seen on the first floor plan which is illustrated on page 65. The 
main floor beams run across the width of the building between the columns with a 
span of about 19 ft. 6 in., with secondary beams at right angles spaced about 6 ft. 
apart. The loads allowed on each floor were as follows : Ground floor, 5 cwt. per if. 
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super ; first floor. 4 cwt. ; and second floor, 3 cwt.. The external brick walls actually 
carry the outer edges of the floors, although the front wall itself is carried, at the first 
йоог level, on a reinforced concrete beam continuous throughout its length, with 
reinforced concrete columns at intervals, as shown. Where the main concrete floor 


»ams rest on the wall, continuous reinforced templates were introduced to distri- 
1? 


ote the weight over the whole pier. The columns are octagonal on plan with an 
over-all size of 18 in., reinforced with I-in. and j-in. cup bars with wiring as necessary. 


The foundations to the columns were constructed on the continuous principle, 
with concrete 6 ft. wide extending through the whole length of the building. Thes? 
labs were 2 ft. thick and reinforced with $-in. cup bars at 12-in. and 18-in. centres 
across the width, with 
similar bars in the direc- 
tion of the length, and 
three i-in. Kahn trussed 
bars were introduced 
between the columns in 
the upper surface to 
resist the negative bend- 
ing moment which occurs 
in that portion. 

Generally speaking, 
the main floor beams 
were I2 in. wide and 15 in. 
deep below the slabs, 
reinforced with three cup 
bars and three Kahn 
trussed bars; while the 
secondary beams wer: 
5 in. wide and 9 in. deep 
below the slabs, rein- 
forced with one cup bar 
and one Kahn trussed 
bar. 

The floor slabs varied 
in thickness from 5 to 
7 in., and generally were 
reinforced with $-in. cup 
bars at  6-in. centres, 
and to prevent cracks in 
the slabs over the main 
beams £-in. bars 5 ft. long 
were provided at 12 in. 
centres. 

The pits which were 
required for lifts, etc., 
were constructed of 6 in. 
reinforced concrete suspended from the floor construction above, and a finished 
View of one of these pits can be seen in the illustration on page 66, which shows 
“i menor view of a portion of the basement. 


A good idea of the finished construction, showing the columns, main beams and 
SECO r , . 
ondary beams, will also be seen on page 66. 
а. All the concrete on the second floor had to be laid to falls, and a gutter formed 
n the centre to carry off the water during washing. The soffites of all the main and 


SECC ‹ , E Р » "1 
ndary beams were kept at the same level, and the fall obtained by varying th? 
Geptas of the ы i 

| е beams. 


The re 


REINFORCED CONCRETE STORES AT CHELSEA. 


ot 


Inforcement used throughout consisted of cup bars and Kahn trussed bars, 


| ich vere required to be of a tensile strength equal to the British standard specifi- 
41101 lor mild steel. 


CONCRETE: 


NEW WORKS IN CONCRETE. 


[he whole of the concrete was mixed by hand, the aggregate being ?-in. crushed 
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Views of interior of building. 
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. "5 supporting the wall were 27 cu. ft. ballast, 131 cu. ft. sand, and 6} cwt. 


Digitized by Google 
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cement, while for the beams and foor slabs the mixture was 27 cu. ft. ballast, 13} 
cu. ft. sand, and 5 cwt. cement. 

The architect for this building was Mr. A. Dixon, and the whole of the concrete 
work was designed and executed by Messrs. The Cubitt Concrete Construction Co, 
of 260 Gray's Inn Road, W.C. 


Cross section. 


REINFORCED CONCRETE S:oRES AT CHELSEA. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required.—ED. 


REINFORCED CONCRETE COW-STALLS. 


Wr have given numerous examples from time to time of the use of cement in farm | 
buildings, pointing out their advantages from a sanitary point of view. The fireproof | 
and permanent qualities of this form of construction, as well as the ease with which 
concrete floors and walls can be kept clean, are also valuable arguments for its increased | 
use for cow-stalls, stables, piggeries, etc. | 
The production of clean milk requires the most sanitary conditions in the | 
buldings where it is produced, and in America the Health Departments generallv | 
specify that cement must be used for floors in cow-stalls, and that the walls and 
ceilings must be free from dust-catching surfaces. 
The accompanying illustration shows a reinforced concrete dairy cow-stall erected 
5y Mr. Fred Ballard on his model farm at Winnings, Colwall, Malvern. 


EE 
* £i». 


657. E: 


Cow-stalls, mangers and floor of reinforced concrete. 
REINFORCED CONCRETE Dairy Cow-sTALLS, WINNINGS FARM, MALVERN. 


Hus wood has been eliminated in these stalls, and they have proved most satis- 
à ка. фет to their cleanliness and sanitary condition, and have been highly 
TOV е A à 

Pproved of by the local sanitary authorities. 


REINFORCED CONCRETE GATE AND WALL. 

we show photographs of a reinforced concrete gate and wall erected 
ummerstone, builder, of West Mill, Buntingford, Herts. 

4 ft. high, and cost about 105. per yd., the cost of the gate being 
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less than if made of wood. They have proved most practical and so satisfactory 


in every respect that the builder is now using reinforced concrete wherever possible 
for farm buildings and other work. 


Increased use is being made of concrete for fence posts and gates, as it has all the 


REINFORCED CONCRETE GATE AND WALL AT BUNTINGFORD, HERTS. 


advantages of wooden structures without any of their disadvantages. Concrete posts 
are not affected by the weather. and require no maintenance charges whatever. After 
three or four years’ use wooden posts deteriorate very greatly in value and lose a 
great deal of their strength. whereas concrete grows stronger with age. 
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ENQUIRY 


COLUMN. 


The name and address of enquirers must always be given, not necessarily for publication. 
The advice given in reply to enquiries is a matter of personal opinion, and although 
contributed in most cases by experts with special knowledge of the matter in ی‎ зБуд; it 
must not be considered in the same liaht as if obtained from a Consulting Engineer or 


Solicitor, who should always be referred to in importan! cases, as our columns are not 


intended to do away with the services of the professional experts on constructional or legal 
matters. 


Replies will te sent by post if the enquiries are marked ‘‘ Answers by Post'' on the 
outside, and such must be accompanied by a postal order for Is., made payable to '* Concrete 
and Constructional Engineering.’’ All other enquiries will be replied to іп this column.—ED. 


CEMENT FOR REINFORCED ‘CONCRETE. 

E. J. (The Hague) writes: “ Can you tell me whether the kind of cement known in Germany as 

'Esenportland Cement,’ containing 70 per cent. real Portland cement and зо per cent. slag, is good 
tor reinforced concrete work ? ” 
—Cement containing зо per cent. of slag is not considered suitable for reinforced concrete work 
owing to the presence of calcium sulphide, which slag cement contains. This substance, in contact 
with moisture, is liable to decompose and corrode the steel reinforcing bars. For reinforced concrete 
work nothing but the very finest genuine Portland cement should be used. 


MATERIALS FOR CONCRETE. 

C. A. (Derby) writes: “ Regarding the tables of quantities of materials for floors, etc., in * Every 
dav Uses of Portland Cement,’ advertised in your columns, it is estimated that something like 1°56 
cu. yds. of dry materials are required to make т cu. yd. of concrete. May I ask if these figures are 
the result of experiments or merely theoretical calculations, based upon the theory that in the average 
concrete in place there are no voids whatever ? 

" If such a large quantity is required, I fail to understand how contractors price concrete 4 : 2 : I, 
using Thames ballast, turned four times, etc., at 15s. and less per cu. yd., and make a profit. As- 
the majority of our estimates for concrete work are in districts where the aggregate is of an uncertain 
character, we are anxious to strike a happy medium between the so many accurate (?) tables 
Published, and thus be somewhat reliable. My practice is to assume 1} cu. yds. of Thames ballast 
a cu. yd. of concrete, and, say, about 13 for an aggregate consisting of broken stone or screened 
allast.” 
—The data for proportioning concrete are quite correct for broken stone concrete, but the quantities 
must be slightly varied for gravel concrete, being then for a 1 : 2 : 4 mixture 508 lbs. cement =0'21 
cu. vd., 0'42 cu. vd. sand, and 0°83 cu. yd. gravel; total, 146 cu. yds. These figures are the results 
c! careful experiments. 

The Thames ballast concrete referred to is not proportioned 1 : 2 : 4, but I : 4, and the ballast 
has none of the same sand sifted out, so that the voids in the gravel are filled, and there is practically 
no shrinkage in bulk on admixture of cement, which merely goes to fill some of the voids in the 
sand. There is, however, too much sand in unsifted Thames ballast, and the resulting concrete 
Poor, the voids not being filled in a 1 : 4 mixture, as there is insufficient cement for the purpose, 
The effect of an excess of sand is explained in the book. 


| It сап well be seen how London contractors can make a profit at 15s. a cu. yd., their working 
up being something like this : 


s. d. 

4 yds. Thames ballast at 6/6 T Y ; is 2; 26 0 
1 ton Portland Cement at 21/- s i b | Ses 21 0 
Making 4 yds. Concrete P г> кз р 47 0 

Dividing to bring tol yd. ... T ۴ 11°75 
Labour at 2/- per yd.... а: d | | 2`00 
13:735 
Profit, 10 7. .. T zd | 1°375 
15 125 


71 


ENQUIRIES. CONCRETE 


CEMENT AND TAR FOR PRESERVATION OF STEEL. 
Can any of our readers give us information as to a mixture of tar and cement used for preserving 
steel ? 


FACTOR OF SAFETY. 


F. C. (Belfast) enquires as follows : “ As I have not been able to ascertain from any of our text- 
books on reinforced concrete the full explanation of ‘ Factor of Safety,’ I should be much obliged if 
you could put me on the road to get the following information : 

“А floor is designed to carry a superimposed load of 13 cwts. per ft. super, and the dead weight 
of the floor is, say, go Ibs. per F.S. What is the weight to be applied to get a factor of safety of 4? 

** Also, what is the strength of a floor composed as follows : 6ins. of concrete (6-1) in which are 
embedded Т.5.]. 6 by з bv т2 Ibs. over main girders at 11 ft. 6 in. centres. The 6 by 3 R.S.J. being 
spaced 2 ft. 6 in. centres.” 


—The factor of safetv of a structure is usually dened as the ratio of the load at which the structure 
would fail, to the working load. 

The working load carried by the floor in question, including its own weight, is 1) cwts. + go lbs.— 
t.¢., 258 lbs. per sq. ft. To obtain a factor of safetv of 4, the breaking load should therefore be 4 by 258 
—1.€., 1,032 lbs. per sq. ft. If, however, it is desired that the structure should fail when it is onlv 
called upon to support its own weight + 4 times the specified working load, the breaking load would 
be до + 4 X 156—1.e., 714 lbs. per sq. ft. In this case the factor of safety would have been taken 
on the superimposed load only. 

Another method of treating the matter is to design the structure so that the working load shall 
only cause stresses which bear a certain proportion to the breaking stresses of the steel and cor crete 
respectively. In this case if a factor of safety of 4 is required, the working stress in each material 
would be calculated to be } of its breaking strength, sav, 16,000 lbs. per sq. in. in the steel, if mild 
steel is used, and, sav, боо lbs. per sq. in. in the concrete in the case of concrete which has a crushing 
strength of 2,400 lbs. per sq. in. 

For reinforced concrete work it is, however, more usual to base the working stress of the steel 
on its yield point rather than ол its breaking strength ; and a factor of safety of 2 on the vield point 
is more satisfactorv than a factor of safety of 4 on the breaking strength. The factor of safety on the 
concrete is not, of course, affected by this. 


Strength of the Floor described.—It appears from the steelwork tables that the load which can 
be safely carried by a 6 in. by 3 in. bv 12 lbs. R.S.J., with a factor of safety of оп a span ot II ft. 
6 in., is 3 tons distributed. 

The area of floor carried bv each joist is 2 ft. 6 in. bv II ft. 6 іп.—г.е., 28} sq. ft. 

The load per sq. ft. is therefore just over 2 cwt. But the concrete between the joists will carrv 
a far greater load than this, as each panel will to some extent act as an arch spanning between two 
consecutive joists. It is, therefore, the strength of the joists which is the determining factor in arriving 
at the strength of the floor. But the strength above given will be increased to a verv slight extent 
bv the fact that the joists have concrete on each side of them, though as the top flange of each joist 
has no dennite attachment to the concrete the effect will not be great. We тау assume, therefore, 
that the joists will safely carry 24 cwts. per sq. ft., and that after deducting the dead load of the concrete, 
the safe superimposed working load will be 255 — go—t.e., 190 lbs. per sq. ft. 
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Memoranda and News Items are presented ander this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Concrete for the Jewel Room in the Tower of London.—From a national 
point of view, although the work is itself quite small, one of the most important 
applications of reinforced concrete has been recently carried out in connection with 
the Jewel Room in the Tower of London. It has been necessary to render this room 
both fire and burglar resisting, and in order to effect this the floor has been entirely 
removed and replaced with concrete 6 in. thick, reinforced on the Kahn system, 
having {-1п. rib bars centrally placed within its thickness, as a network, running 
across it in two directions at right angles to one another. The room is an almost 
perfect octagon, and the floor is 28 ft. across ; but none of the bars exceed r5 ft. in 
length, being arranged so as to pass or overlap near the centre of the span, the over- 
lapping being arranged in a diagonal pattern on plan near the angles. The floor of 
the entrance is similarly reinforced, and so are the floors of the trumpet-case and the 
other recesses, the backs of which are further strengthened with reinforced concrete 
walls 12 in. thick. These also have a network of }-in. rib bars in the centre of their 
thickness, placed at 6-in. centres both vertically and horizontally ; and the spandrel 
over the entrance doorway is similarly treated, in addition to the old filling of masonry. 
—Ihe Building News. 

Concrete as Reinforcement.—An interesting instance of the employment of 
concrete in engineering structures was exemplified in its use to strengthen the wrought- 
iron trestle approaches to the railway bridge at Danville, Ill., and also the St. Charles 
Bridge. These structures, which were built many years ago, were constructed of 
Phænix columns with diagonal tie-rods, and with the great increase in train weight 
that has come about in recent vears, it became necessary either to strengthen the 
trestles or to remove them. The former course was followed, and the columns were 
encased in concrete. Tests of the compression members show that the addition of 
the concrete has increased their strength by fully 50 per cent.—Times Engineering 
Supplement. 


Fire Test of Concrete Block Construction.— The concrete block system of 
wall construction was recently subjected to a severe fire test at Baltimore, Md., when 
a four-storey warehouse caught fire. This fire was fought with considerable care, 
as the firemen expected that the walls, three of which were exposed and self-sustaining, 
would crumble and fall as in the case of brick walls. In the carly stages of the fire 
the roof collapsed, and the interior of the building became a furnace of burning oil 
and oil-soaked wood. However, the walls did not fall, and when they were inspected 
afterwards not a cracked or injured block could be found, although the mortar was 
burned to some depth in the joints between the blocks and had to be replaced.— 
Times Engineering Supplement. 

. Concrete Supports for Water-Pipes.—The Water Committce of the Birmingham 
Corporation report that the works undertaken last year for the strengthening of 
certain sections of the Severn syphon by filling in concrete under the pipes, have 
proved entirely successful; no bursts having taken place on any of the sections. 
The total number of bursts during the past summer showed a large reduction. The 
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directors of the Great Western Railway Company have called attention to two short 
lengths of pipes at present unprotected by concrete on the steep ground to the east 
of the Severn Valley Railway, pointing out that any serious burst on this section 
of the aqueduct might be attended with grave consequences. In view of the experi- 
ence of the effective protection afforded by the concreting carried out last year, the 
Water Committee have resolved to undertake the concreting of these lengths by 
way of precaution.— Journal of Gas Lighting. 


Apparatus for Testing Setting Time of NPETE TEE Niece A. & J. Smith, 
Maxwell House, Aberdeen, have issued a circular advertising the Nicol's Spissograph, 
a new apparatus for automatically testing and recording on a chart the time of the 
setting points of cement. 

Up to the present all such testing appliances have required continuous and close 
personal supervision, and as the setting time often extended over several hours, the 
reliability of these tests has not been altogether satisfactory. 

The apparatus here illustrated entirely does away with the need of this personal 
supervision, for when once started it requires no attention until the test is complete, 
except to be wound up every three hours in cases where the setting takes more than 
that time. The winding in no way interferes with the test. 


The Spissograph was invented by R. Gordin Nicol, M.Inst.C.E., Aberdeen, and 
consists of a clock-work which raises and lowers the needle and weight every three 
minutes, during which time the sample rotates spirally, and thus the needle comes 
into contact with a fresh surface every few minutes. Attached to the apparatus 
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is a thermograph, which records on the same chart the temperature of the air during 
the test. | 

The apparatus is in a glass-fronted thermostat which contains a gas-regulator 
so adjusted as to keep the temperature at an even level. The water and the cement 
should also be kept in this case, so that everything is at the same temperature at the 
ume the test is started. | 

The circular concludes with instructions as to the method of using the Spisso- 
graph. 

Reinforced Concrete for Hulls.—A German contemporary gives an interesting 
descnption of a small motor-boat constructed of concrete. The length overall is 
14 ft. 8 in., by 5 ft. 6 in. beam, and 2 ft. 3 in. draught. A 3-h.p. motor is fitted, 
giving a speed of six kilom. The concrete, which is 4 in. thick, is mounted on a net- 
work, having 14-in. mesh, supported by fore and aft cross iron rods. This is covered 
with an inner and outer skin of fine-meshed wire gauze. The process of plastering 
the whole is carried out after the engine bearers and floor frames have been fitted. 
The keel, by the way, consists of a 1-1п. iron bar. Five coats of paint were given, 
each coat taking two days to dry, while the concrete took thre» weeks. The cost 
of the hull came to £16 10s.— Motor Boat. 

Concrete in the Garden. — Wherever sand is abundant, labour cheap, ani 
cement not too expensive, much outlay on brick and stone structures may be savel 
by substituting concrete. We have seen it used for the walls of greenhouse and frames, 
for boundary walls, and as flooring. In countries where frost is not experienced, 
concrete when properly made and laid is practically indestructible. A novel use of 
concrete is in the making of fence posts. The concrete is made by mixing 4 parts 
of sharp sand with 1 part of cement. The cost of each post is less than 2s. Cement 
is used for making water tanks, stout wire netting forming the frame, on both sides 
of which the cement is moulded. These tanks are very strong, cheap, and they 
lat many years. The Dutch nurserymen use cement for the walls of their green- 
30uses and plant frames. Where rats are troublesome cement makes an excellent 
tloonng for sheds, fruit stores, etc. It is better than asphalt for paths that are required 
to be water-tight. A bag of cement should be kept for use in every garden establish 
ment, as it can be applied in so many ways.—The Field. 

Concrete Diving Bell. — The construction of a quay wall near Marseilles led 
recently to the design of a particularly ingenious form of diving bell. The main 

wall, with a total height of 50 ft. and a maximum thickness of 16 ft. 6 in., was built 
of solid concrete in sections 33 ft. long. separated by gaps 15 ft. wide, and to join 
these up it was necessary to work in compressed air. The difficulty was to find a. 
practicable and. economical way of applying that method. The solution proposed 
by the engineer consisted in boarding up the two open sides of all the rectangles 
to be filled, from sea bottom up to about 17 ft. below water level, then to close the 
top of each chamber so formed by a hollow slab of Hennebique reinforced concrete, 
with a central chimney of the same material, to which access was given by an air-loc < 
attached to the top. This contrivance, something like a bedroom candlestick with a 
square base and a hole right through the bottom, was built on shore, and having 
been lowered in position the slab closed in the top of the submarine chamber, while 
the chimney stuck out above the level of the sea. [t was then quite easy for workmen 
and materials to be passed down the shaft for completion of the wall. The novel 
diving bells were very light and inexpensive, and after their intended purposs had 
been fulfilled they were embedded in the concrete of which the upper part of th2 
quay wall was formed.—Glasgow Herald. 

| Coracrete Caissons for the Municipal Building, New York. — А pneumatic 
caisson sinking record has just been made in the foundations for the Municipal Building, 
New York. A caisson for one of the column piers was sunk through sand to rock 
at a depth of 112 ft. 1 in. below water level without accident or casualty of any kind. 
The caisson is of concrete with a reinforced cutting edge, and supports a concrete 
shaft ro ft. 9 in. in dia., cast before sinking. The construction of the caisson was. 
commenced April 15th, and the bottom was passed May 16th. While under the 
maximum pressure of 47 lbs. the work was exccuted by 20 five-man shifts working 
about forty minutes each, with a very long time for decompression and an interval 
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of four hours between the two shifts each man worked daily. The men were under 
very strict physical and medical supervision, improved sanitary and hospital appli- 
ances were on hand, and a competent physician was in constant attendance, and not 
even a single case of illness occurred. This is believed to be the deepest pneumatic 
caisson ever sunk, and is expected to be the maximum for this building, which will 
have 106 caissons, over half of which have been sunk.—T he Engineer. 

The city of Toulouse has recently been provided with a new and very remark- 
able bridge, called the Bridge of the Amidonniers (starchmakers), which spans the 
Garonne River a little below the St. Pierre Bridge. The new bridge is the first large 
work of its peculiar type, and has been constructed from plans by M. Séjourné, after 
the model devised by him for the bridge at Luxemburg. This type of bridge is 
characterised by the association of two parallel masonry arches connected by a floor 
of reinforced concrete. The Toulous? bridge, the entire length of which is 730 ft., 
contains five such pairs of elliptical arches. The largest pair, in the middle of the 
bridge. has a span of 150 ft. Each arch of the pair is about 16 ft. wide, and the two 
arches are separated by an interval of 33 ft. By allowing the transverse girders 
of the concrete floor to project beyond the arches, the builder has obtained room for 
two overhanging walks and parapets. Thus, although the combined width of the 
two masonry arches is only about 20 ft., the total available width of the bridge is 
about 70 ft. This method of construction results in great lightness of appearance 
and an economy of material and money.—Building News. 

Concrete Casings for Wooden Piles have been used with great success in wharf 
and bulkhead construction on the San Francisco water front by the Board of State 
Harbour Commissioners. These casings are reinforced concrete hollow cylinders 
cast in any required size on shore, and allowed to set there until needed. In the 
application of these casings the wooden pile, of whatever size and length required 
is first driven to the desired depth, and the casing then slipped over the pile, and in 
turn is driven as far as desired. Then the interior of the casing is pumped out, the mud 
or sand removed to the required depth, and the annular space around the wooden 
ple filled with concrete. For the bottom of the casing special shoes are provided 
which fit reasonably close around the wooden pile, thus ensuring a uniform thickness 
of concrete filling, and preventing any large amount of mud or sand from entering 
the casing during the driving. In the San Francisco work casings 24 in. in diameter 
and from 22 to 56 ft. long have been used. For longer lenzths a special splice is 
yrovided.— Contract Record. 

Contracts for Portland Cement for Brazil.—' The Associated Portland Cement 
Manufacturers, 1900 (Limited), have recently entered into contracts to supply the 
whole of the Portland cement required for three important works now in progress in 
Brazil, ¢.e., the National Arsenal at Rio de Janeiro, and the Port works at 
Pernambuco and at Bahia. These contracts are estimated to require approximately 
100,000 tons of cement. 

W. B. Brown & Со, Globe Works, Bankhail, Liverpoo!, inform us that thc 
Judges of the Buenos Aires Centenary Exhibition have awarded them a silver medal 
and diploma for excellence in the manufacture of steel wire ropes suitable for mininz 
works, elevators, ships and steamers' use, which award is the highest obtainable in 
the class devoted to these specialities. 


CONTRACTS. 


Edmond Coignet, Ltd., inform us that their svstem of reinforced concrete has 
been adopted for the following works :— 

Road bridge at King's Cross Station for the Metropolitan Railway Company, calculated for 
heavy trafic and two tramway lines. The width of the bridze will be 69 ft., and the two spans will 
be respectively 53 ft. and 38 ft. Опе beam in particular, supporting the edge of one of the footpaths, 
will have a span of no less than 63 ft. This will probably be the first important bridge in reinforced 
сопсте{е constructed in London. The contractors for the work are Messrs. Henry Lovatt, Ltd., 
of London and Wolverhampton. 

Floors for Royal Infirmary at Bristol. All the floors of this building (approximately 7,000 
31. vds.) are to be executed in the Coignet system of reinforced concrete. The architect is Mr. Н. 
Percy Adams, F.R.1.B.A., of London. 

New Law Courts at Kingston, Jamaica. Architects, Messrs. Nicholson & Corlette, of London ; 
contractors, Messrs. Mais & Sant, of Kingston, Jamaica. 
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Floors and roof for New Drill Hall at York. This work is at present being carried out under the 
supervision of Mr. Walter H. Brierley, architect, of York, the contractor for the work being Mr. William 
Birch, of York. 

Floors for Victoria Works, Bailiff Bridge : Contractors, Messrs. Atkinson & Son, of Leeds. 

Floors for the Imperial Paper Mills, Gravesend : Contractors, Messrs. W. F. Blay, Ltd., Dartford. 

Winter Garden at Norman Court: Architect, Mr. S. Tugwell, of Bournemouth ; contractors, 
Messrs, Wakeham Bros., of Plymouth. 

Floors for Carpet Warehouse, Bailiff Bridge : Architects, Messrs. Walsh & Nicholas, of Halifax ; 
contractors, Messrs. Henry Atkinson & Sons, of Leeds. 

Piles for Southampton Town Quav: Engineer, Mr. Cooper-Poole, Southampton ; contractors, 
Messrs. J. Moran & Son., Ltd., of London. 

Warehouse at Dyche Street, Manchester: Architect, Mr. Isaac Taylor, of Manchester ; contractor, 
Mr. Robert Carlyle, of Manchester. 

Tank for the Powell Duffryn Steam Coal Co., at Bargoed: Contractors, Messrs. Watt Bros., of 
Cardiff. 

Jetty in the Camber Portland for the Admiralty: Contractors, Messrs. Wakeham Bros., of 
Plymouth. 
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EDITORIAL NOTES. 


THE LOCAL GOVERNMENT BOARD AND THE WATER BOARD. 

E have received several letters from abroad regarding the recent corre- 

V V spondence between the Local Government Board and the Metropolitan 

Water Board as to the latter's proposal to lay a reinforced concrete 

main of 48 in. diameter, and thereby save some £4,000 in capital expenditure as 

compared with the cost of a cast-iron main. The Local Government Board allow 

a loan period of 30 years on cast-iron mains, but for reinforced concrete the 

loan period was to be limited to 15 vears. Further, the Water Board were 

required to undertake experiments and tests prior to constructing the reinforced 

concrete mains, and this research work would have meant a considerable expendi- 
ture of time and money. 

Our foreign correspondents point to the policy of the Local Government Board 
аз something very amusing, particularlv to their describing the use of reinforced 
concrete mains as an “experiment.” The many miles of reinforced concrete 
mains used on the Continent are quoted to usas excellent, long-standing examples 
of reliable work done, and surprise is expressed at the Local Government Board 
publicly advertising its ignorance on the subject in so ridiculous a manner. Our 
correspondents emphasise their strictures by reminding us that quite a number of 
our Government officials fully know the value and reliability of reinforced concrete 
mains, and have personally inspected examples abroad, and that it appears 
quite farcical to them that the “ right hand apparently does not know what the 
lett hand has been doing " in matters of this kind, for the Local Government is 
but one of the many departments of the self-same British Government which 
builds post offices, jetties, etc., in reinforced concrete. 

At first we felt rather inclined to resent the jocular tone of our correspondents, 
We naturally dislike to have our public authorities contemptuously referred to by 
foreigners. But on second thoughts we are afraid 'the remarks are quite in 
order and in accordance with the fashion set by Mr. Roosevelt when dealing 
with the British policy in Egypt. That the criticisms are to the point goes 
without saying. The Local Government Board has long been the laughing stock 
of the technical professions at home as far as its attitude regarding reinforced 
concrete is concerned. It will now obtain a kind of international notoriety for 
ignorance as to reinforced concrete, and a few more letters of the {уре addressed 
to the Metropolitan Water Board as to the ‘ experiment " of laying reinforced 
concrete mains will give it quite a unique position among the Local Government 
Departments of civilised nations. 
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The net result of the Board's attitude is, however, no laughing matter. 
Cast-iron mains costing an additional £4,000 are to be put in by the Water Board, 
who cannot afford to execute new works on a 15 years’ loan period. As the 
total expenditure proposed was about £18,000, the saving that ought to have 
been effected was about 22 per cent., whilst the efficiency obtainable for the lower 
hgure was equal—maybe greater—than what is now about to be provided. 

We wonder how much longer the Local Government Board is to be allowed 
to bar technical progress and economy ? 

It is time Parliament inquired into the matter and demanded a public 
inquiry into blundering of this description. 


SIR HENRY TANNER AND THE NEW GENERAL POST OFFICE. 
THE opening of the New Year was marked by the presentation of a thoroughly 
practical paper in the rooms of the Royal Institute of British Architects. The 
new General Post Office buildings were under review —more particularly their 
structural features—and Sir Henry Tanner, the architect of these imposing 
offices, was the reader. 

We have dealt with the buildings in these columns from time to time, and a 
summary of the paper and subsequent discussion is given under “ Recent Views ”’ 
in this issue, thus we will only comment here on a few of the points brought out 
during the evening, which, we think, are of special interest, and have an impor- 
tant bearing upon current practice. 

REGULATIONS AS TO REINFORCED CONCRETE. 

Sir Henry Tanner pointed out that full advantage was taken of the new 
method of construction in reinforced concrete in both the design and erection 
of the new General Post Office, this only being rendered possible by reason of the 
exemption of Government buildings from the operation of the London Building 
Acts. Some speakers in the subsequent discussion inferred that when the new 
regulations upon reinforced concrete construction at present being drawn up by 
the London County Council are issued, restrictions will be imposed which will 
preclude such a great saving being made as was effected in this building, and 
areued that if they had been in force in this case they would have prevented its 
construction in the form which has proved to be so eminently satisfactory. That, 
however, is a mistake, as the draft which has been brought before the technical 
societies 15 not unduly stringent. 

Of course, regulations must be made for all and sundry, and it is right and 
proper that Government buildings should be exempted, for on such works excep- 
tional supervision can be given to ensure the work being of superior quality to 
the average, and these new regulations will probably be found when they are 
eventually issued to be very different from former by-laws, because It is surmised 
they will contain provisions enabling general conditions to be waived in special 
circumstances, such as in the erection of structures like the new General Post 
Осе. For example, we may cite the question of super loads on floors which 
were remarked upon as being particularly light in the case in question. The 
loads Were, however, ascertained from the results of experiments, and such proof 
would, no doubt, be accepted as being thoroughly satisfactory by the London 
authorities. Architects are accustomed, as a rule, to grossly overestimate the 
loads that can be imposed on the structures that thev design. 
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Sir Henry Tanner showed in this instance that the greatest load which could 
be imposed upon the floors was $ cwt. ; now most architects would think 1 cwt. 
a minimum for such a structure, and, indeed, we find blocks of flats and such 
like structures required to be designed for a super load of 2 cwt., whereas 50 Ib. 
per sq. ft. would be ample. 

Another point mentioned was the rendering of the external walls. A 
mixture of I of cement to 2 of sand showed hair cracks on the surface, and Sir 
Henry Tanner expressed the opinion that it would have been better to increase 
the proportion of sand, because the tendency to crazing is greater the richer the 
mixture is in cement. Pure cement shows greatest contraction, whereas a weak 
mixture shows very little alteration in volume in setting and hardening. 


STORAGE AND USE OF CEMENT. 

It was also mentioned that the cement was stored in water-tight sheds, but 
was not spread out. Of course, the fact that it is unnecessary to cool the modern 
finely ground cement by leaving it for a time in thin layers in a shed is now 
thoroughly established among experts, and Mr. Bamber and other speakers 
demonstrated this at the Institution of Civil Engineers only recently, yet one 
still sees the old specification clauses repeated. By such exposure the cement 
of to-day is damaged, and cement on the works should be stored not only in 
water-tight sheds, but in proper air-tight and draught-proof bins. It is not 
well even to store it in sacks in water-tight sheds, for the moist air will cause the 
outside portion of the cement to cake after a very short while, which means that 
the cement will have lost a very great deal of its strength. Really, the cement 
of to-day is so very unlike what it was only four years ago when the Post Office 
was being built, that it might almost be called an entirely new article. People 
do not realise the progress in manufacture, and the result is that the majority 
of the architectural and engineering professions cannot adjust their ideas to the 
altered conditions, and are either wasting cement or stressing the materials too 
low, so that there is equal want of economy. There is no doubt about our English 
Portland cement of to-day being far superior to that until recently obtainable 
on the Continent or in the United States. We cannot otherwise explain the 
compressive resistance that we are able to obtain from the same kind of aggregate 
and the same proportions as are being tested by American professors of engineering. 
The labour in making our test blocks is not superior to that employed in America 
or on the Continent—it is simply the cement that makes the difference. 

IMPORTANCE OF SUPERVISION. 

А speaker in the discussion called attention to a remark of Sir Henry Tanner's, 
that great care is required to properly and accurately place the reinforcements, 
and that supervision has to be ample, otherwise workmen are inclined to be 
careless, and to save themselves trouble to the detriment of the work. The 
conclusions drawn by this speaker were that the risks on this score were so con- 
siderable that reinforced concrete as a method of practical construction was at 
a great disadvantage. Sir Henry Tanner's remark is a very pertinent one, and 
it proves the very great importance of thorough supervision by clerks of works 
over even those contractors who have had much experience with reinforced con- 
crete, for they employ all sorts of men who are unaccustomed to the work, although 
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they may keep a certain number of old hands. The experienced contractors, of 
course, are in a better position than others, because their foremen are more reliable 
and better able to lay their fingers on the weak spots, knowing what errors may 
very likely be made from their having experienced such mistakes before. 

Mr. Max Clarke, in the course of the discussion, remarked that ‘‘ there was 
a considerable amount of luck at the present time in reinforced concrete work ; 
if one did not have supervision, one had luck, and he congratulated Sir Henry 
Tanner on having had both supervision and luck." Mr. Clarke is right. Absence 
of supervision means trusting to luck, and although good fortune has largely 
assisted reinforced concrete in the past as far as England is concerned, it is super- 
vision that is all essential to prevent the possibility of failure. All concerned 
in reinforced concrete work should welcome supervision, be it that of the 
architect and his staff or that of the local public authority. 

However, all forms of construction require careful supervision, and if this 
is ample reinforced concrete can be depended upon. Indeed, the number of 
failures is very small, and appears to form a much lesser proportion to the total 
amount of work executed than in any other branch of the building trade. That, 
however, might not be so if the work gets into the hands of inexperienced and 
unscrupulous people, but with the increasing knowledge of the subject which is 
now obtainable these errors are not so likely to arise, and the necessity for great 
care will be better realised by all those connected with the design or the super- 
vision of reinforced concrete work. 

CO-OPERATION OF ARCHITECTS AND ENGINEERS. 

One part of Sir Henry Tanner's remarks, which perhaps was most suggestive, 
was with reference to the mode of procedure to be employed in order to ensure 
efficiency in regard to reinforced concrete design. He was of opinion as the 
result of experience of various methods of procedure, that that pursued with the 
new General Post Office was by far the best. The truth of his remark that it was 
of the greatest possible advantage that the architect and engineer should be able 
to work together will be readily admitted. This he thought could not be done 
when designs and tenders were called for at the same time, and he pointed out 
that where there is competition in price the design is cut down to the minimum, 
so that the chances of failure are increased. He also added that time is lost in 
the examination and comparison of the designs submitted, this meaning loss of 
money on interest where sites are vacant. He pointed out that steelwork is not 
ordinarily dealt with by architects in the same way—namely, by requiring 
tenders to be both in design and price at the same time from the same firms, 
and that variations are difficult to value where there 1s no schedule, so that he 
thought in time reinforced concrete must be dealt with like the rest of the 
construction and included in the ordinarv bills of quantities for which general 
contractors would be able to tender. There is much truth in this view. | 

In 1905, when the building referred to was begun, although reinforced 
concrete was then about 45 years old, it had onlv been employed to any extent 
abroad in its modern development for about 15 vears, and there had been only 
about seven years’ experience with buildings of any scale in England. Con- 
sequently Sir Henry Tanner showed considerable courage in employing it for a 
Government building, particularly one of such magnitude. The Local Govern- 
ment Board still puts obstacles in the wav of reinforced concrete, though the other 
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the time this work was undertaken we can quite well understand his engaging 
the expert designer with the largest experience. There was, of course, much 
heart-burning among competitors, and subsequently other jobs were thrown 
open to competition, with the result that firms have been called upon to furnish 
many drawings and go through a tremendous amount of duplication of work 
which has been of no advantage to the public nor to themselves in most cases. 
In the early stages of the development of a new form of construction the position 
must be somewhat awkward, and there must be duplication by such competition 
which, however, is the refining fire that eliminates the inefficient and the inferior. 
There is as much call for competition in engineering design as in archi- 
tctural, but to-day the position is such that we may call for such competition 
to be in design alone without asking for a price. The assessor in a competi- 
ton would, of course, consider the suitability of the design both as regards 
the cost and the efficiency for the work in hand, whereas otherwise efficiency 15 
often sacrificed to price. Thus a good design would stand a chance of being 
acepted, whereas it might by the accidents of tendering, or by reason of one or 
two contractors keeping up their prices or not being anxious for the job, be 
excluded in the ordinary way. Design is becoming more standardised, and much 
more knowledge is possessed by those who undertake this work to-day, so that 
inthe majority of cases competition in this particular is not requisite, and thus 
the waste of labour by duplication is unnecessary, and can only be of disadvantage 
to everyone. The specialist designers who have been forced to submit tenders 
with their plans are quite ready, of course, to design works as consulting engineers. 
И is pretty certain, however, that specialist designers will always be 
necessary for reinforced concrete, even more than for steelwork, which, 
although it has been used for so many years now, is not in any extensive 
case designed by architects themselves. Reinforced concrete design is an 
intricate matter requiring special knowledge, and though, no doubt, the archi- 
tectural profession will become more familiar with its general aspect and may 
design simple beams, specialists will be needed in most cases. For larger 
engineering works we may anticipate that special firms will still continue to 
tender on both design and price, the same as is done for steel bridges for instance. 
There are certain large structures which are open to particular specialisation, 
and a few firms could fit themselves to undertake such work with greater 
efficiency and economy than could the ordinary contractor who worked on the 
plans of the ordinary specialist consulting structural engineer. In due time 
the matter will settle itself, but the opinions of an eminent architect who has had 
exceptional advantages of trying various methods, and who has had much 
experience of large and important undertakings as well as of the new svstem of 
Construction, must carry great weight. l Е | 


MR. ISAAC CHARLES JOHNSON'S HUNDREDTH BIRTHDAY. 


Ох Saturday, January 28th, 1911, Mr. Isaac Charles Johnson completed his 
hundredth year. This event is sufficiently rare for it to be noteworthy, and, 
as Mr. Johnson's life has been spent in the cement trade, it seems onlv right to 
allude to the occurrence in this journal. 

The history of Portland cement since its invention bv Mr. Aspdin about 
the vear I324 has yet to be written in full detail. Messrs. Robins and Messrs. 
John Bazley-White & Son were the first to take in hand the manufacture of the 
new material. At that time Mr. Johnson was in the emplov of the latter firm. 
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Hitherto Roman cement had held the field. This cement, as is well known, 
is what is called a " natural" cement; while Portland cement is called 
“ artificial "—4.e., it is based on the idea which occurred to its inventor that the 
ingredients of which Roman cement was composed might be artificially mixed 
in such proportions as to ensure greater strength and hydraulicity. The mere 
suggestion soon led to experiment and research in this direction, with the result 
that by degrees Portland cement, which took its name from its similarity in 
colour to Portland stone, was improved in quality, and the methods of its 
manufacture emerged from their primitive crudity, so that it has come to pass 
that cement of the highest quality is to-day widely and scientifically manufactured. 
In the middle of the last century Mr. Johnson took his share in working out 
these improvements and founded the firm which bears his name. In several 
newspapers it has been said that he was the inventor, but we are glad to see 
that he has very properly disclaimed this mistaken statement. 

Many of the cement manufacturers of England have joined in presenting 
to Mr. Johnson an address, in which expression is given to their appreciation of 
his career and their respect for him personally. The text of it is sub-joined. 
They have also presented him with a testimonial in the form of a silver tea and 
coffee service of the eighteenth century. On Mr. Johnson's birthday a small 
committee of the manufacturers visited him and made a presentation of the 
address and the gift. 

Mr. Johnson's life has been marked by qualities of industry and high 
integrity which have enabled his natural abilities to reap their due reward, and 
our readers will join with those who have already addressed him in wishing 
that the remainder of his days may be spent in rest and peace. 


The following are the terms of the address : 


To Isaac Charles Johnson, Esq., J.P. 

We, the undersigned Firms and Companies, desire to express to you our warm 
congratulations on the completion of your hundredth year on this 28th day of 
January, 1911. 

From an early age you have been associated with the industry in which we are all 
interested. Amongst us are the successors of those with whom you were closely linked 
at the very outset of the manufacture of Portland Cement, in the improvement of 
which manufacture you have notably shared at the various stages of its history. 
Many have been acquainted with you personally since the middle of the last century, 
and many more in its later years. АП of us have known you as a manufacturer of 
sagacity and enterprise, and the firm with which your name is connected doubtless 
owes its acknowledged standing in no small degree to the qualities which you brought 
to bear on the conduct of its affairs so long as you were actively engaged in business. 
But not only on the grounds of success in business do we desire to express our appre- 
ciation of your career. The commercial qualities have depended largely on personal 
integrity, intelligence and perseverance, and these as well as your exceptional health 
and strength are causes for congratulation. It is for these reasons that the Industry 
of which you are a member has desired to mark an event that happens to very few 
men, and we ask your acceptance of the gift which accompanies this address in the 
hope that it may give vou pleasure to possess a small marx of our esteem, and that 
those to whom you may hand it down will by it be reminded that the affection in 
which they hold you found its counterpart in the appreciation of many with whom 
in a long life vou have had relations. 

We trust that the evening of your life may be to vou a time of peace and happiness. 
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NEW PUBLIC BUILDINGS 
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KINGSTON, JAMAICA. 


We have published several articles in our journal on the suitability of reinforced concrete 
for structures in earthquake districts, and are now giving details of the large public buildings 
being erectea in Jamaica of this matertal, which ought to be a convincing proof of the 
advantages of this method of construction for such countries. —ED. 


Most of the important buildings in Kingston were destroyed by the violent earth- 
quake which occurred in January, 1907. As usual, in such catastrophes, the position 
was aggravated by the fact that a fire broke out in various parts of the town. 

In order to prevent a recurrence of this calamity the Jamaican Government, 
when contemplating the reconstruction of their public buildings which had heen 
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Ground floor plan of King's House. 
New Ривс BUILDINGS AT KINGSTON, JAMAICA. 
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destroyed, thought it advisable, after very careful consideration, to adopt reinforced 
concrete as being more suitable to resist earthquake shocks and fire than the ordinary 
materials generally in use for building constructions. 

Reinforced concrete seems to have become the ideal system of construction for 
such districts. This is the outcome of the experience with this material in regions 
subject to earthquake shocks. Both at Messina, Jamaica, and San Francisco there 
were a few structures of reinforced concrete, perhaps more in the latter place, and in 
all cases this method of construction showed up to great advantage, the structures 
not being damaged in any particular. 

Reinforced concrete structures would appear exactly to meet the case, because 
they are cage-like in their framing, and the whole of the walls and | floors are tied to 
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the frame work, forming a perfectly rigid and monolithic structure, no part of which 
works away or is distorted from the other. Many reinforced concrete buildings 
which were erected with no consideration of ever being tried by earthquake, when 
called upon to meet the shock, passed through the test most satisfactorily. The 
hreproof nature of this method of construction is, of course, another reason why it 
is so suitable in such districts. `` 
The architects appointed by the Government, Messrs. Nicholson & Corlette, of 
london, have designed the various buildings here described. In preparing their 
plans they had to consider the best means of providing for adequate foundations 
capable of resisting severe earthquake shocks, and for this reason thev found it 
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The King's House. 
New PUBLIC BUILDINGS, KINGSTON, JAMAICA. 


advisable, after 
investigating the 
matter, to have 
a general raft in 
reinforced con- 
crete composed of 
strong slabs and 
beams uniting the 
various footings of 
the walls and 
pillars in such a 
manner that the 
entire work may 
be considered as 
monolithic. 


The same 
principle was 
adopted both for 
the General Post 
Office and Trea- 
sury, and for the 
King’s House, the 
latter being the 
official residence 
of the Governor 
of Jamaica. 

The | photos 
which we herewith 
reproduce of these 
various buildings 
clearly show the 
style of architec- 
ture adopted as 
best suited for the 
requirements of 
reinforced con. 
crete. From these 
illustrations the 
architectural 
possibilities of the 
material will clear. 
ly be seen, the 
buildings in 
question present. 
ing a very fine 
appearance, and 
there can be no 
doubt that not 
only from the 
point of view of 
utility, butalso for 
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Ground floor plan, Post Office and Treasury Buildings. 
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effective design, 
it is admirably 
suited for build- 
ings in tropical 
climates. 

Spacious ver. 
andahs and colon. 
nades have been 
provided as is 
usual in hot cli. 
mates. The vari. 
ous roofs are flat, 
composed of rein. 
forced | concrete, 
and covered with 
several inches of 
gravel in order to 
protect the work 
against the heat 
of the sun, flat 
roofs being con. 
sidered to offer 
the least resis- 
tance to the force 
of hurricanes. 

The general 
dimensions of the 
Post Office build- 
ing are 121 ft. by 
132 ft., and the 
general dimen. 
sions occupied by 
the Treasury are 
187 ft. by 88 ft. 
These two depart- 
ments are practic. 
ally one building. 
They are com. 
posed of a ground 
floor, principal 
floor, top floor 
and roof, the 
superloads on the 
floors being 150 
lb. per sq. ft., 
and 84 lb. per 
sq. ft. on the roofs. 

The scant. 
lings of the vari. 
ous pillars are on 
the ground floor 


*v9IVNV[( ‘NOLSONIY ‘SONIGIING Ol1ü8nd MEN 
'sSuipring Arnseal] pu? 329gO 3504 ‘ита лоор edou, Id 


2/70 te 
f 


ч 
Q 
m$ 
ч 
= 
ч 
~ 
Z, 
O 
E 
YD 
QO 
Z, 
аы 
X 
E 
ч 
o) 
QO 
e 
T" 
۹ 
| 
ж 
- 
y 


< 
ж 


| 
: à | | | 
“HT Ne — 2. = me کک کے‎ eee 
[| | Ww. ФӘ | 2 гу w | 
B —Wg-a—m-0—-2-.——.9—1—2——a-—u —nmn— ——a- n-——20-.—g.—— 


89 


REINFORCED CONCRETE. 


‘VOIVRV f 'NOLSONIN.,'sONIaTIng] 9r und MAN 
'sPuipping А1пѕеәл у, рив IIO 1504 


9o 


BUILDINGS AT KINGSTON, JAMAICA. 


and Treasury. Buildings. 


New PusBLIC BUILDINGS, KINGSTON, JAMAICA. 


Post Office 
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24 in. by 24 in., and in 
the upper floors 18 in. by 
18 in. The average span 
of the beams supporting 
the floors is 20 ft., with a 
thickness of slab of 4 in. 

The King's House was 
erected simultaneously 
with the above-mentioned 
public buildings, and, as 
shown in the illustration 
on page 87, the architect. 
ural design is of the same 
style as the one adopted 
for thelargerbuilding. In 
our issue of November, 
I909, we gave a reproduc. 
tion of a drawing hung at 
the Royal Academy of 
this building. The King's 
House is intended for the 
residence of the Governor 
of Jamaica. 

A large swimming 
bath was also provided 
for, and there are several 
remarkably fine dancing 
and reception halls. There 
is a ground floor, principal 
floor, top floor, and flat 
roof ; each floor measuring 
approximately 17,000 
sq. ft. 

The public buildings 
and King’s House form 
part of the first contract, 
and the work was exe. 
cuted on the Coignet sys- 
tem of reinforced concrete 
by Messrs. Cowlin & Son, 
of Bristol. 

The new Law Courts, 
which are very similar in 
appearance to the public 
buildings above described, 
form the object of a new 
contract which has recent. 
ly been let to Messrs. 
Mais & Sant, of Kingston, 
Jamaica. Thev are 
designed on the same 
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principle. They are 
now in course of con- 
struction, and plans of 
the ground and principal 
floor of this building are 
shown on pages 93 and 
94, the principal eleva. 
tions being given on 
page 92. 

We hope when this 
building is completed to 
give views of the finished 
structure.. 

The first contract was 
placed in open competi. 
tion between the various 


systems. 
For the second con. 
tract, however, the 


Coignet system was 
specified exclusively by 
the architects on behalf 
of the Jamaica Govern. 
ment, and a certain 
number of contractors 
thoroughly acquainted 
with the erection of 
works in reinforced 
concrete were invited to 
tender. 

All these buildings 
afford a striking ex- 
ample of the develop. 
ment of reinforced 
concrete in the Colonies; 
the advantages being 
economy over ordinary 
materials, resistance to 
earthquakes and fire. 

It may here be stated 
that the Coignet system 
of reinforcement is com. 
posed of plain round 
bars of mild steel. The 
pillars are constructed 
by means of vertical 
bars bound together by 
spiral hooping of small 
diameter,and the 
framework of the beams 
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Principal floor plan, Law Courts. 
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is composed of top and 
bottom bars united 
together by means of 
stirrups. 

The work was entirely 
carried out by natives 
under skilled super. 
vision, and there does 
not appear to have been 
any difficulty in its 
execution. 

The cement used 
throughout was the 
" Ferrocrete" brand, 
supplied by the Asso. 
ciated Portland Cement 
Manufacturers. 
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The Effect of Recent Investigations upon Working Stresses for Shear. 
By EWART S. ANDREWS, B.Sc.Eng.[Lond.]. 


DURING the past few years several investigators have attacked the problem of 
the strength of materials under compound stress, such as the stresses produced 
by a combined bending and torsion, as in the case of an overhung crank-shaft. 
The results of these experiments have been in very good general agreement 
considering the difficulty which always exists in getting consistent results with 
work of this nature. For mild steel these experiments seem to prove this the 
"resultant shear-stress theory,” or, as it has recently been called, Guest's law 
is the most correct one, and to fully appreciate this result we would do well to 
remind ourselves of the three theories which are generally known with regard 
to compound stresses in elastic materials. They аге: 

1. Principal stress, or Rankine theory. 

2. Maximum strain or St. Venant theory (sometimes called French theory). 

3. Resultant shear stress, or Guest theory. 

We will compare the formule by the aid of the following notation : 


f = Tensile or compressive stress  ! 
5 = Shear stress 
Let F — Resultant tensile or compressive stress equivalent to the compound 
stress. | 
S = Resultant shear stress equivalent to the compound stress. 
Then the various theories give : 


| ogee 
1. Rankine. Е = (reve 5) 


2. St. Venant. F = L(V) 


ENTE 

3. Guest. | S = : Vitta 

Now, according to which of these methods is taken as correct we obtain 
the following results with regard to the relative values of the safe working stresses, 
fı and fs, in tension and shear respectively to use in practice : 

I. Rankine, f, — f, ١ 

2. St. Venant, f; — jf, 

3. Guest, hi 2}, 


These results are obtained by putting /—0 in cases (т) and (2) and s=o in 
case (3). 


forming the compound stress. 


e ER t ۰ H 
This is for Poisson's ratio = }. 
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It will be noted in passing that (2) is the rule usually adopted in practice 
for determining working stresses. This is very strange, seeing that nearly all 
the text-books give Rankine’s theory as the correct one to use in the before- 
mentioned case of the overhung crank-pin. 

It is very doubtful if practical engineers have fully appreciated the import- 
ance of these experiments from this point of view as working stresses. If 
Guest's law is finally accepted as most nearly correct—and it seems at present that 
this is inevitable—then in designing structures our shear stress should be one-half 
of the tenstle stress. At present the figures most commonly used for dead loads 
on mild steel are 7 tons per square inch in tension and 5 tons per square inch 
in shear—that is to say, the shear stress is, on the Guest theory, 14 tons too 
high—1t.e., over 40 per cent. too high. This aspect of the question appears to 
have been appreciated fully only recently. 

Guest's experiments were carried out in Ámerica for combined bending and 
torsion and combined tension or compression and internal pressure, and were 
published in about 1900, tubes being used ; Professor Hancock followed in 1906, 
in America, with tests on tubes and solid rods in combined tension and torsion ; 
Mr. Walter Scoble, B.Sc., published in the same year the results of experiments 
made in this country in. combined bending and torsion ; and last year Assistant 
Professor C. Alfred Smith, of East London College, published the results of 
several experiments in combined compression and torsion, and Mr. Laurence B. 
Turner, B.A., of Cambridge, published the results of very careful experiments 
in pure tension and pure torsion. А good review of these various experiments 
will be found in Engineering, August 20th, 1909, by Mr. Smith, and February 5th 
and 12th, 1909, by Mr. Turner. All these experimenters favour the Guest theory, 
and as greater care is taken with the experiments the results get more consistent. 

The procedure in each case has been much the same. Careful measure- 
ments have been made of the strains for various loadings with given proportions 
of tensile or compressive to shear stress, and by drawing a stress-strain diagram 
the elastic limit (or in the earlier experiments the yield point) is carefully obtained. 
The assumption is that the elastic limit will always occur at the same resultant 
stress or strain as the case may be, and so the equivalent stresses at the elastic 
limit are calculated according to the three theories, and the theory which gives 
the least variable result for the equivalent stress at the elastic limit for various 
ratios of tensile or compressive stress to shear stress is regarded as the most 
correct. The elastic limit—+z.e., the point where the stress-strain diagram ceases 
to be straight—appears to be the most satisfactory point to take, because the 
yield point is farther from the elastic limit in the case of variable stress such 
as occurs in beams and torsion of solid bars than in the case of simple stresses 
such as in a tie-bar. This point was brought clearly to the writer’s notice in 
some experiments on crane hooks,* where the distance between the elastic limit 
and the yield point increases as the radius of the hook decreases, and the varia- 


* See, for instance, Drapers’ Company Research Memoirs, Technical Series I., and a paper by 
Prof. Goodman, Proc.I.C.E., Vol. CLXVII. ; also a paper bv Prof. Rautenstrauch in the Americar 
Machinist, October, 1909. 
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tion in the stresses thus increases. It is for this reason that the old beam paradox 
arose, and that it had not been noticed previously in torsion experiments that, 
the stress at elastic limit is one-half of that in tension for the same material. 

The acceptance or rejection of these results by practical designers as affecting 
the determination of working stresses rests upon whether or not they accept 
the proposal to fix the working stresses from the elastic limit instead of the 
breaking stresses. There are, of course, arguments in favour of both methods, 
but it seems that the elastic limit method must prevail in the end, although 
the inertia still to be overcome is tremendous. Advocates of this method are 
exceedingly pleased to see that the reinforced concrete construction has brought 
tis point to the fore, because, of course, as soon as the steel has exceeded its 
dastic limit it stretches more quickly and throws a much higher stress on to 
the concrete. It is now, therefore, quite common to find the stresses in tension 
of the steel specified in terms of the elastic limit. 

This question of working stresses is one which presents some difficulties, 
but it 1s of the utmost importance if constructional design is to be put upon 
ascientific basis ; and it is to be hoped that the experiments above referred to 
will be freely discussed, and that, it their results are accepted as more nearly 
tue than theories which have previously held their ground, practical designers 
wil use them in determining their working stresses. 
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Our descriptton of this Gasholder Tank is taken from a paper read at a meeting of the 
Association of Municipal and County Engineers by Mr. Chas. F. Hunt, who also supplied us 
with the particulars of the tests carried out. —ED. 


THE first reinforced concrete gasholder tank in the United Kingdom was recently 
constructed at Leigh-on-Sea. As the site is on reclaimed foreshore, and is impregnated 
with salt water, a steel tank would have had to be protected with concrete, and as the 
cost of this would have been very high, it was decided on the recommendation of 
the Surveyor to the Council (Mr. J. W. Liversedge) to adopt reinforced concrete. 

The tank is 64 ft. in diameter by 29 ft. 6 in. deep. The wall of the tank is 8 in. 
thick at the bottom and 4} in. thick at the top. The capacity of the tank is 538,000 
gallons. The holder, for which the tank is required, has two lifts and a capacity of 
160,000 cu. ft. The guide framing has nine standards, which are fixed on reinforced 
concrete buttresses incorporated with the tank. 

Inside the tank there are eighteen channel iron guides secured to the concrete wall 
with bolts. The wall is strengthened at these places with reinforced concrete 
buttresses. 


DESIGN. 


The design of the tank is as follows :— 

A foundation slab of 5 to 1 Thames ballast concrete, 12 in. thick, is laid over 
the site of the tank to л 7 in. of the inside face, to distribute the weight evenly, 
and to provide a firm, clean surface on which to lay the reinforced floor slab, which 
is 6 in. thick. The weight of the wall and main and secondary columns is carried by 
a circular beam, 2 ft. 3 in. wide by 1 ft. 6 in. deep, which is reinforced by three ł-in. 
rods. The wall itself is 8 in. thick at the base, and tapers to 41 in. thick at the top, 
immediately under the balcony. The reinforcement consists of $-in. bars spaced 
from 24 in. centre to centre at the bottom to 31 in. at 17 ft. 6 in. above floor level. 
Above this height $-in. bars spaced from 2? in. to 6 in. are used. For the whole 
height of wall vertical }-1п. rods are used at 12 in. centre to centre. The ł-in. bars 
have 4 ft. lap and the 3-in. bars 3 ft. lap. 

The main columns, of which there are ninc, carry the standards to the guide 
framing. At the top (for the purpose of giving room for holding down bolts) they 
are set out with the vertical rods 19 in. centre to centre radially, and 15 in. circum- 
ferentially. The columns are vertical down to the ground line, below which they 
taper both ways, to 12 in. by 8 in. immediately above the circular foundation beam. 
The reinforcing rods are І in., and one pair is shaped and turned outward to form a 
shoe to spread the load over a greater area of ground. 
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, of which there are eighteen, are placed to correspond 


The secondary columns 
ththe channel guides, which are fixed to the inside face of the tank, thus materially 
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ХӨТРОСТО REINFORCED CONCRETE GASHOLDER TANK. 


UN NEERI 


ail $ in. encircle the tank at то ft. and 20 ft. approximately above floor level inside. 
еу are respectively reinforced by two }-in. and j-in. bars. At the top of the tank 
a batony, with a projection of 18 in., is constructed, reinforced with ?-in. bars, and 
rwdened at main columns where the guide frame standards are fixed. Stirrup irons 
arê fixed in belts and balcony 12 in. centre to centre. 


REINFORCED CONCRETE GASHOLDER TANK, LEIGH-ON-SEA 


In the floor are beams which radiate from the centre to the main columns. These 
beams are 9 In. wide by 12 in. deep, and are reinforced by two }-in. bars and stirrups 
fixed IZ 1n. apart. At the centre these beam rods are tied to a I-1n. ring. 

ICI 


CHAS. Е. HUNT. 


The valve chamber is constructed with walls 8 in. thick at base, reducing to 4} in. 
at ground level. The chief point of interest is the thickening of the tank wall by 
4 in., and the provision of }-in. bars at distances varying from 4 in. to 5 in. centre 
to centre. This will resist any tendency of the tank wall to act as a beam instead of 
as a boiler shell, between the rigid abutments of the valve chamber walls. 


CEMENT AND CONCRETE. 


The cement used in the work was the “ Ferrocrete ” brand, supplied by the 
Associated Portland Cement Manufacturers (1900) Ltd... The special feature of this 
cement is its soundness, for, as the name indicates, it is made principally for rein- 
forced concrete work. 4 

For the first portion, where quickness was a consideration owing to the wet 
weather and the nature of the ground, a quick-sctting cement was used, but later a 
slower kind was adopted. Sometime before the work commenced, test cylinders 
of various thicknesses were made and put under pressure from a' head of water of 
30 ft., and kept so for a considerable time ; for a short time they sweated, but soon 
became bone dry.. 

The concrete was mixed by hand in the proportion of 1 cement, 1$ sand, and 
3 ballast. It was mixed wet, and when put into the walls was well worked between 
the bars with thin rammers. In joining up new work with work already executed, 
the old face was hacked rough and well grouted with neat cement grout. 


CONSTRUCTIONAL DETAILS. 


When the work of excavation was proceeded with, the boulder clay was found 
at a higher level than was anticipated, and advantage was taken of this to avoid 
a considerable amount of excavation by leaving a dumpling in the middle in place 
of the flat bottom originally intended. The dumpling was shaped out, and the 
I2-in. foundation slab formed of Thames ballast and cement in the proportion of 5 
to r, was put in, radiating channels being left for the beams. 

The column bars, beam bars, and the three bars in circular beam were then 
put in with concrete under them. The circular beam was brought up to the level 
of the top of foundation slab. The floor slab and the radiating beams were then 
put in with }-in. bars at 8-in. centres circumferentially and radially, embedded in 
the former. These bars overlap the radial beams by about 1 ft. 6 in., thus gctting 
a good bond between the various sections of floor slab. 

The whole of the bars used were of indented steel, with an elastic limit of 22 tons, 
an average of three tests giving 22:29 tons per sq. in. 

The chief difficulties met with in carrying out the work were connected with 
the railway on the north side and the sea wall on the south. To cope with the 
first, four concrete buttresses were put down before the work on the tank itself was 
commenced. The buttresses were 12 ft. from back to front, 4 ft. wide on front face, 
and 3 ft. at the back. They are reinforced with a 1-in. diameter steel rod at the 
back, and have pot holes to form a heel to resist any sliding tendency. 

Bolts were fixed in readiness for attaching walings when the work of excavation 
to the tank was proceeding. This was done, but the pressure on the walings was 
such that onc or two of the bolts drew out. This was due to the abnormally wet 
wcather, and probably to an old disused drain running in the roadway, which 
caused an accumulation of water behind the timber, and necessitated cutting holes in 
the buttresses to receive the ends of the walings. In such a position as this no 
risks were permissible, and to make assurance doubly sure further strutting was 
put to walings between the buttresses. When the wall reached the height of the 
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struts, and filling had been put in and well watered and rammed, they were removed. 
The removal was effected with no movement of the material behind the walings. 

During the progress of the works close observations were made in the following 
manner : А line was run through approximately parallel to the face of the buttresses 
and measurements taken from time to time. These proved that the buttresses were 
absolutelv stationary. Levels and measurements were taken on the railway every 
dav. generally twice per day, and no movement of any importance was found. 


TESTS. 


The tank was completed on June 9th, and testing was begun on July 6th 
following. 

When the water was standing то ft. deep in the tank the age of the newest 
portion actually submerged was 64 days. 

With the water at this level gauging was commenced, but water had been 
standing in the tank for several days, as it was only during constantly shortening 
periods about high water that the filling could proceed by gravitation. Nodoubt the 
fact that the water had been standing in the tank for several days accounts for the 
gauge showing no drop in water level, as absorption and '' sweating '' had ceased. 

With 21 ft. head of water in the tank four trickling leaks were discovered. With 
one exception these were caused by the bolts used to secure the channel iron guides. 
The bolts were cut out where necessary and refixed, and the other slight leak at 
a horizontal joint was made good. The series of gaugings at 21 ft. deep show plainly 
the decrease in absorption after the concrete has been submerged for some time. 

On July 27th it was found that with the water 29 ft. 3 in. deep in the tank 
the loss was slightly under { in. in 12 hours, and the tank was then emptied. While 
in this condition it was subjected to external water pressure of 1o ft. head. This 
was done bv opening valves in the sea wall and admitting sea water to the site. 

It was then found that there was a slight leakage, and on gauging it was estimated 
that this would account for the slight loss noticed when the tank was full. When 
the steel contractor's work was sufficiently advanced to leave the tank bottom clear 
these leaks were made good. 

The sweating which took place above ground level was not sufhcient to cause 
water to trickle down the wall, but was confined to patches of dampness, but after 
a short time this dampness entirely disappeared. 

The amount of sweating was less in the case of the tank than in several test 
cvlinders with 4-in., 6-in., and 8-in. walls, which were subjected to water pressure 
under a head of зо ft. These cylinders were made of material similar to that used 
in the tank, and were made under the most favourable conditions. 

T he gasholder was completed and put into use on December 18th, and the tank 
has given every satisfaction. This good result is no doubt due to the great care 
exercised during construction. 

The success of this tank, near a railway on which run heavy express trains, shows 
that, in spite of vibration, a concrete tank can be made watertight without rendering 
the internal surface. 

The tank was designed and constructed by Messrs. Lewis Rugg & Co., of Queen 
Anne’s Chambers, Westminster, under the direction of Mr. J. W. Liversedge, 
Assoc. M.Inst.C.E., engineer to the Urban District Council of Leigh-on-Sea, to whose 
requirements the original design was amended, and under whom the writer had 
charge of the work. 


The whole of the reinforcement was supplied by the Patent Indented Stccl 
Bar Co. 
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By ALBERT MOYER, Assoc.Am.Soc.C.E., New York. 


In view of the necessity for giving an attractive exterior finish to concrete and reinforcea 
buildings, the following article on Portland Cement Stucco for exteriors should merit 
attention. —ED. 


THE history of stuccoes does not furnish sufficient information and data to be of 
practical value in the manufacture of the present-day Portland cement stuccoes. There 
are existing records of 350 B.c. of stuccoes made from vastly different material than 
are of economical use at the present time, and we find that such stuccoes were almost 
invariably used in the warm climates where the action of frost would not tend to 
disintegrate the rather poor material which was then available. 

There is every reason to believe that originally these stuccoes were intended to 
cover up and protect inferior building stone and sunburned straw brick. The archeology 
of stucco would tend to show that, from an artistic standpoint, this method of 
decoration was a development of the wattled buildings, which were plastered with 
clay and different muds hardened by being baked in the heat of the sun. ‘Therefore, 
in this instance, the use of clay plaster over wattled houses was to protect an inferior 
building material. 

To-day stucco is used for a similar purpose, that of protection and pleasing 
surfaces. It would, therefore, seem advisable to recommend a material which would 
best serve the purpose of protection and artistic merit. Stucco or plaster should never 
be used as an imitation of other building material. 

To carry out these ideas I would recommend only Portland cement stucco for 
exteriors, as this is the only hydraulic material which will stand the action of the 
elements. 

From the artistic side the writer would also recommend such surface finish for 
stucco as will cause both natural colour and pleasing texture. It would be well, 
therefore, to expose to view the aggregates used, and avoid as far as possible exposing 
the bonding material, Portland cement. 

There is no artistic reason for allowing only the bonding material to be displaved 
to the eye. On very large jobs the surface can be cleaned off bv means of a sand 
blast, and on smaller jobs the surface may be cleaned, exposing each grain of sand Ьу 
means of muriatic acid in dilute solution, 1 part commercial muriatic acid, 4 to 5 
parts clear water. 

Where white aggregates are used the surface may be cleaned off with a solution 
of sulphuric acid, 1 part acid, 4 to 5 parts clear water. The sulphuric acid leaves a 
white deposit and therefore should not be used excepting where the aggregates are 
white. 

Another method is to scrub the surface while vet green, say, within 24 hours, with 
a scrubbing brush and clear water. This is more difficult than the others, for the 
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reason that if the stucco is allowed to remain too long before scrubbing it will be too 
hard to remove the coat of neat cement from the outside of each particle of sand or 
other aggregates; and if scrubbed when it is too soft the surface may be damaged and 
difficult to repair. 

If the character of the available aggregates will not present a pleasing surface 
when exposed, the following surface treatment may be used : 

While the last coat is still thoroughly damp, apply a Portland cement paint com- 
posed of 1 part Portland cement, 12 per cent. of the volume of the cement of well 
hydrated lime, pulverised form, and 1 part of the volume of the cement of fine white 
sand. Mix with water to the consistency of cream or the ordinary cold water paint. 
Stir constantly and apply by using a whisk broom throwing the paint on with some 
force. 

Keep this finish surface damp for at least six davs or longer if economy will permit. 
Do not allow it to dry out in any one place during the week. If necessary protect bv 
hanging tarpaulins and using a fine spray of water playing on several times during the 
dav by means of a hose. This will give a pleasing light grey colour of excellent 
texture. 

Stucco may be applied to various building materials. There is hardly any reason 
at the present time for stuccoing stone buildings, the procedure at best is difficult and 
hardly to be recommended. Our building stone is usually an excellent material and, 
therefore, does not require either protection or covering to produce pleasant effects. 

New brick mav be covered with stucco verv successfully. The joints should be first 
raked out half an inch and the brick saturated with water. It is alwavs best to start 
stuccoing at the top of the wall, and work down between the pilasters or corners, 
finishing a whole strip or whole side wall from top to bottom in опе day. Thus no 
streaks or cracks are formed where one day's work ends and another begins. By this 
method the wall can be kept wet ahead of the work by means of a hose. 

The second coat should be put on as soon as the first coat has stiffened sufficiently 
to hold in place and stand the pressure of the trowel. This second coat should be well 
scratched and the finished coat applied while the second coat is damp. The finish 
coat should then be kept wet, protected from the rays of the sun, and as far as possible 
from drving out. This can be done by hanging wet cloths over same. This rule of 
keeping each coat moist until the other coat is applied, and protecting after applying 
the finish coat, must be observed in all forms of Portland cement stucco. 

If the stucco is to be applied to metal lath or wire cloth the metal should be 
plastered on two sides so that it is entirelv encased in mortar in order to avoid rusting. 
If this is impracticable then the metal lath or wire cloth should be dipped in a paint 
made of equal parts of neat Portland cement and water. Immediately after dipping, 
the metal lath or wire cloth should be tacked on to a frame in the position it is in- 
tended to occupy. As soon as the neat Portland cement has hardened on the metal, 
apply the first coat of stucco. Hair should be added to the mortar to be applied on 
wire mesh or expanded metal. Опе bag of cement, one pound of hair. 

If plaster boards are used they should be nailed on the framework of the building, 
leaving at least a quarter of an inch joint between cach plaster board. This joint to be 
lled in with lime putty, otherwise each plaster board will cause square cracks on the 
outside of the stucco the size of each board. 

А convenient method of waterproofing plaster boards is easily available. The boards 
may be painted with two coats of any of the reputable bitumen waterproof paints to 

Which plaster adheres. Then about 24 hours after the bitumen paint has been applied, 
and within six days, apply the first coat of stucco. 
For stucco on terra-cotta blocks great care should be exercised in keeping the 
blocks thoroughly saturated with water, for if the blocks are not saturated they will 
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pull the water out of the mortar and it will crack and disintegrate. Portland cement 
requires water until it has thoroughly hardened, which ultimate hardening usually 
takes from 14 days to a month. It is not always necessary to play the hose on the 
wall for a month, although it would be advisable. The dews at night, the dampness in 
the atmosphere and the rain will furnish the necessary moisture, provided the material 
on which the mortar has been plastered has not too great an affinity for water. 

In order to prevent the porous, hollow terra-cotta tile from sucking the moisture 
from the stucco, and also to furnish waterproofing and an additional bond other than 
that which would be given by the key, it is good practice to paint the surface of the 
dry terra-cotta blocks, after they have been erected in the wall, with two coats of 
bituminous paint. It is important that the first coat of stucco is placed over this paint 
after 24 hours and within six days. 

| Proportions for a good stucco should be 1 part Portland cement, 2} parts coarse, 
clean sand. (If coarse, clean sand is not available, use only 2 parts of sand.) Add 10 
to 15 per cent. of well hydrated lime, dry pulverised, of the volume of the cement. 

If it is the desire of the owner or architcct to use the exposed aggregate method, 
interesting natural colours can be obtained by using the following materials instead of 
sand, the same proportions—Green, red, buff, black or white marble screenings all 
passing a No. 8 screen and all collected on a No. 40 screen. These different coloured 
marbles and different coloured sand, where obtainable, can be used singly or in a 
combination. When exposed by scrubbing or the acid treatment very interesting 
results are obtained. 

In mixing stucco great care should be exercised to obtain the thorough incorpora- 
tion of cement, sand and the other aggregates. The sand and cement should be mixed 
together dry until an even colour results. This can be done by shovelling and raking 
while shovelling. Water should then be added, being careful not to add too much 
water at a time and not to get the resulting mortar too wet so that more sand or cement 
has to be added. Be very careful to bring the resulting mortar up to the proper 
consistency for plastering. 

It is advisable to add to the mortar from 1o to 15 per cent. of the volume of the 
cement of well hydrated lime. This should be mixed dry with the cement and sand 
before the water is added. The addition of hydrated lime tends to fatten the mortar, 
making it more adhesive and impervious. 

Another specification which we believe will prove of considerable value is Ьу the 
addition of mineral oil to wet mortar. After water is added and thoroughly mixed with 
the mortar add 15 per cent. of mineral oil and remix. When the oil is to be mixed with 
the mortar it is always advisable to use hydrated lime, as we thus have a larger amount 
of emulsifving material. 

The colour obtained by the scrubbing or acid method is limited only to the available 
sand or marble screenings, the colour will be the colour of the aggregates. An 
excellent green can be obtained bv adding 8 per cent. of the weight of the cement of 
cromium oxide. This should be mixed dry with the sand, cement and hydrated lime. 

Always keep in mind that the surface to which the mortar is to be applied must 
be thoroughly saturated with water, each coat of stucco must be kept moist, and the 
final coat must remain moist for at least one weck or longer if economv will permit. 

Stucco should not be trowelled to a smooth surface. The artist-painter would never 
think of smoothing the paint on his canvas bv means of a straight-edge. Texture and 
colour are necessary if artistic results are to follow. By using the suggestions above 
outlined, the architect is privileged to select the aggregates from which the stucco 
is made, and has in fact as great play in the planning of the colour, tone and texture 
as the artist has in mixing the paints on his palette. 
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We have dealt in an early issue of this Journal with reinforced concrete barges and 
pontoons in Italy, and we are glad now to be able to give particulars of an example of this 
method of construction being used for a barge on the Thames. We also append details of a 
Canadian scow and a German motor launch of the same material.—ED. 


WHILE the employment of reinforced concrete for the construction of boats and 
barges is one of the most interesting applications of the material in the last few 
years, it is a peculiar fact that it was in this connection that reinforced concrete 
construction was first patented. In the year 1855 a Monsieur Lambot, a French 
contractor, took out a patent for the construction of parts of ships or boats in rein- 
forced concrete, his method being to embed a wire meshwork in the concrete. His 
punt had been exhibited at the French Exhibition of 1853, and was afterwards put 
into service in a pond at his residence at Miraval, France, and was still in use a year 
or two ago, and may be so to-day. 

Concrete at that time was made of hydraulic lime of a special kind, known in 
France as Vassy cement. The punt was of only slight thickness, and it is remark- 
able that it should have remained in use for so many years, being constructed of 
a cement which, although good, was not nearly so lasting as Portland cement. 

Nothing much seems to have been done with reinforced concrete for this purpose 
for a good many years, until some barges and pontoons were built about the year 
1906 by the firm of Gabellini, of Rome, which were illustrated and described in our 
issue of March, 1908. This company still continue to build pontoons and boats of 
this material, which they have found very satisfactory. Another barge made of con- 
crete reinforced with expanded metal, and constructed by the Expanded Metal Co.’s 
licensees in Italy, was described in our December, 1910, number. 

The monolithic character of reinforced concrete gives great resistance, which 
is an essential quality owing to the rough usage these vessels get. They are also 
quickly constructed, economical, and fireproof. Any repairs are easily carried out, 
as it is generally only necessary to fill in with concrete or cement. 

We now append details of some further applications of reinforced concrete 
for such work, the first example (particulars of which were submitted by Mr. 
Samuel F. Smith, M.E.) being English, and which is, as far as we are aware, 
the first instance of this material being used for such construction in this country. 


REINFORCED CONCRETE BARGE ON THE THAMES. 


IT will be of interest to engineers, and perhaps to the shipping trade, to know that 
a barge to be used for dredging purposes has been constructed in reinforced concrete, 
and is now in operation at Ham, on the River Thames. The adoption of reinforced 
concrete in this instance is due to the enginecring foresight of Mr. Herbert W. 
Anderson, A.M.Inst.C.E., coupled with the business enterprise of Mr. Brice, of the 
Ham River Grit Co. The design and construction of the work was placed in the 
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hands of the Cubitt Concrete Construction Co., of 260 Gray’s Inn Road, W.C., who 
carried the work through to completion within fourteen days of the date of laying 
the centering for the bottom slab. In four weeks from the date of finish a foot of 
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REINFORCED CONCRETE BARGE ON THE THAMES 
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water was pumped into the barge, and at intervals of three days an additional foot 
until it was full. The barge remained in this loaded condition for about a week, 
and then was passed as being sound and watertight and ready to receive the dredging 
machinery. As the work of construction was commenced early in September a 
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REINFORCED CONCRETE BARGES AND BOATS. 


View of finished Barge. 
REINFORCED CONCRETE BARGE ON THE THAMES. 


REINFORCED CONCRETE BARGES AND BOATS. ONCE 


sufficient time has now elapsed to demonstrate the fact that the barge is a perfect 
success as to strength, fitness, and watertight qualities. 

The ballast and sand used were supplied by the Ham River Grit Co., and the 
cement was the “ Ferrocrete " brand, manufactured by the Associated Portland 
Cement Manufacturers. The ballast was of all sizes that would pass a j in. square 
mesh screen and be retained on à 1 in., this being mixed with washed sand and cement 
in the proportions of : 


Ballast - js T — 5s ESO Th 
Sand Pes P ne eia ra uec NE ai 
Cement 7} cwt. 


All the cement was treated with ' Medusa ” Waterproofing Compound in the 
proportion of 2 lb. to every 100 lb. of cement. As the barge is bone dry on the 


Hull ready for launchinz. 


REINFORCED CONCRETE BARGE ON THE THAMES. 


inside a striking example is here afforded as to the waterproofing qualities of this 
compound. The reinforcement throughout was of round rods of mild steel. 

It will be noted from the drawing that the form of the barge in cross-section is 
somewhat different from that usually adopted: as in this case there will be a con- 
siderable amount of bumping and ramming, it is desirable that the effect should 
be taken up on the bilge or bottom plane ; the sides therefore slope inwards, leaving 
the bottom portion to take the impact. It will also be noticed that there is no 
decking save for a narrow footway along the sides. As the space between the 
coamings is taken up by the machinery which extends above the deck level, there 
was no opportunity of spanning from side to side with bridges or cross-bracing to 
stiffen the barge longitudinally at the deck level. This, therefore, is accomplished 
by the vertical mbs being designed as cantilevers. The low freeboard is a requirement 
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for the easy working of the dredging pipes. The deadweight of the barge works 
out to approximately 40 tons, and the weight of the machinery, etc., to about 
20 tons. Having regard to the special nature of the work to be done the construc- 
tion is SOmewhat heavier than would be the case if the barge was to be used for 
ordinary Carrying purposes. From a point of cost the reinforced concrete materials 
are about the same as for a timber construction. The cost of manufacture, however 
is greater, but as experience is gained in this direction the expense will be materially 
lessened, and perhaps the final cost may be brought down to that of a barge of 
umber construction. From the point of upkeep it undoubtedly stands first, for no 
maintenance charges which are required for other forms of construction, whether of 
steel or wood, will be necessary. 
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Two VIEWS ^ 
OF REINFORCED CONCRETE Scow LAUNCHED AT Port DALHOUSIE, ONTARIO. 


RE 
INFORCED CONCRETE SCOW AT PORT DALHOUSIE, ONTARIO. 


THERE 
ү . * vv 
as launched at Port Dalhousie, Ontario, on November oth last, a novel 
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REINFORCED CONCRETE BARGES AND BOATS. 


craft, constructed entirely of reinforced concrete, the largest of its kind yet built, 


and the first to be constructed in Canada. 


The vessel is a familiar type of deck scow, 


with flat bottom, rounded bow, and a square stern, with a rake to the latter, and 
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The concrete was placed in the usual manner in reinforced concrete work. А 


View of reinforcement in place. 


MOTOR LAUNCH IN GERMANY. 


REINFORCED CONCRETE 


was built for general use 
in the maintenance work 
on the Welland Canal. The 
over-all dimensions are: 
Length, 80 ft.; beam, 24 ft. ; 
and sides, 7 ft. high. The 
deck is crowned 2 in., and 
a small rail at the bow pro- 
duces the appearance of 
deer" The hull is 
divided into eight compart- 
ments by a longitudinal 
bulk-head and three cross 
bulk-heads. Access is ob- 
tained to any part by means 
of a double hatchway 
through the deck at the 
stern, and openings 2 ft. by 
2 ft. 6 in. through the cross- 
bulk-heads. Five concrete 
"timber heads" are pro- 
vided for towing and moor- 
ing purposes, and are con- 
structed with a view of 
raising the scow in the event 
of its ever becoming neces- 
sary to do so, heavy rein- 
forcement extending into 
the bottom of the scow 
being used. 

The deck, bottom, sides, 
and bulk-heads are 21 in. 
thick, reinforced with ]-in. 
steel wire running longitu- 
dinally апа transversely. 
In addition to the bulk- 
heads, the shell is supported 
by beams and posts, gene. 
rally 6 in. by 8 in., and rein- 
forced with larger sized 
round steel rods. In all 12 
miles of 1-in. wire and about 
į tons of larger reinforce. 
ment were used. 


platform was first laid on blocking about 3 ft. above the level of the canal bank, 


upon which the bottom of the scow was constructed ; the bottom beams were next 
built, the interior forms erected, and the posts, sides, and bulk-heads completed, 


112 


< 


= 


KENIA] REINFORCED CONCRETE BARGES AND BOATS. 


after which, for convenience, the interior forms were removed and the forms for 
deck and deck beams erected, and both completed. The scow was then stripped, 
given a coat of grout, and launched on five ways in the usual manner. 

Before launching a careful examination failed to disclose any cracks, and tests 
with water poured in a few of the interior bays showed no leaks. The draught as 
tkoned during the design was 2 ft. 8 in., or a displacement of 130 tons ; it actually 
is a little less, being 2 ft. 6 in. forward and 2 ft. 8 in. aft, leaving plenty of free- 
board when carrying any load it would be practical to place upon the deck. The 
sow 15, however, designed to carry a working load, which would sink it to the deck. 

Since the scow has been in the water no sign of a leak can be found, and the 
interior is as dry as before launching. Such information as was kept of the cost 
snowed 1t to be less than for steel construction, and indicates promising commercial 
possibilities. 

Mr. W. H. Sullivan, Assistant Superintending Engineer, made all calculations 
and designs, and personally looked after the construction of the vessel. 

Particulars of this scow are taken from the Canadian Engineer, the photographs 
being placed at our disposal by Mr. J. L. Weller, Superintending Engineer of the 
Welland Canal, under whose supervision the work was carried out. 


View of launch when completed. 


REINFORCED CONCRETE Motor LAUNCH IN GERMANY. 


REINFORCED CONCRETE MOTOR LAUNCH. 

ge an illustration of a motor launch recently constructed in Germany, 
The dune. eisa view of the launch in course of construction. | 

Ak Fera Over all IS 14 ft. 8 in. by 5 ft. © in. beam and 2 ft. 3 in. draught. 

The Sn E fitted, giving a speed of 6 kilom. | | 

Бана be 5 €, which is $ in. thick, is mounted on а network having 13-in. mesh, 

skin of fine Y lore and aft cross-iron rods. This is covered with an inner and outer 
Th ne-meshed wire gauze. 

floor S Process of plastering the whole is carried out after the engine bearers and 
MEG have been fitted. 

taking E Consists of a т-іп. iron bar. Five coats of paint were given, each coat 

came to ays to dry, while the concrete took three weeks. The cost of the hull 

£16 tos. 

We are 

illustrations 


D 


WE give on this pa 
and on p. 112 ther 


indebted to the courtesy of our contemporary, the Motor Boat, for the 
9f this launch. 
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CONCRETE. 


We give particulars below of a new method of reinforcing concrete by means of timber, 
and also of some tests carried out on the new material, which should be of interest to our 
readers. —ED. 


Іт has been discovered lately that at one point, where there was a bad sub-soil, the 
Great Wall of China was built on a kind of concrete raft reinforced with timber, 
reeds and rushes. Since that time nothing has been done in the direction of using 
wood to strengthen concrete until Mr. G. O. Case recently invented a method of 
reinforcing concrete with timber, and from the satisfactorv tests which were carried 
out at the Municipal Technical School, Brighton, it appears to be possible to economi- 
cally reinforce concrete with timber rods. The results of these tests are given in 
this article, as well as illustrations of some of the slabs tested. 

It is not intended that this new system should enter into competition with 
reinforced concrete, as wood could not be as suitable as steel for all purposes; but it 
is probable that “Ligno "-concrete could compete advantageously with ordinary 
plain wood construction as used in piles, posts, beams, fences, foot-bridges, etc., and 
in all sea and river works, as owing to decay, attack by marine worms and insects, 
wood is quite unsuitable for such work. It could also be used advantageously for 
making walls, floors, etc. 


METHOD OF CONSTRUCTION. 

In constructing piles, columns, posts, etc., in accordance with Mr. Case's svstem, 
three or more vertical rods of wood are joined together at suitable intervals by iron 
or wooden bands securely fastened to each rod by nails or screws. This forms a rigid 
framework, which is entirely embedded in concrete. The same method is employed 
for constructing walls. 

Two methods have been adopted to prevent possibility of the wood taking апу 
moisture from the concrete. The framework can be creosoted, or it can be soaked 
in water for a short period before casting the concrete round it. Tests have shown 
that either of these methods will satisfactorily prevent any injurious expansion of the 
wood during the setting of the concrete. It would appear at first sight that if the 
framework were first soaked there would be a subsequent loosening of the bond between 
the wood and the concrete in the process of setting and drying out, but this does not 
scem to take place, which is accounted for by the fact that while the timber in the 
framework shrinks slightly, due to the drving out of the small amount of water soaked 
up, the concrete setting in air also contracts, and the one is counteracted by the other. 

“ Ligno "-concrete posts have been made with creosoted framework and with 
soft wood framework previously soaked in water. When broken up after four months’ 
seasoning the adhesion appeared to be perfect in both cases. The soft wood which 
had been soaked appeared to be quite dry when taken out of the concrete. 
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In constructing harbour works in America, to combat the ravages of the teredo, 
umber piles are often driven into the sea bed, and sewer pipes or timber tubing 
dropped over the piles to the shore level, the space between the piles and sewer 
pipes being then filled in with concrete. In some cases scour of the sea bed has 
subsequently taken place, and it has been found that the concrete filling does not 
drop to the new sea bed but adheres to the piles, being supported by the adhesion 


} 


between the timber and the concrete. 


PRESERVATION OF WOOD INSIDE CONCRETE. 

When creosoted frameworks are used and the concrete is made impervious to 
water, it seems quite obvious that decay of the wood cannot take place. The avail- 
able evidence also seems to show conclu- 
sively that even uncreosoted timbers are 
effectively preserved when embedded in 
properly made concrete. 

When the old Convict Prison at 
Chatham was pulled down a number of 
common deal levelling stumps, about 
2 in. sq., were found embedded in the 
concrete foundations. The parts of the 
stumps which were embedded in the con- 
crete were found to be ina perfect state 
of preservation, while those which had 
projected in the ground below had rotted 
completely away. 

Jarrah wood has for a number of years 
been employed in Australia in building 
operations, and it has been found that it 
will not decay when built into masonry, 
although no special precautions are taken. 

At Rockhampton, Australia, a wharf 
was constructed by Mr. T. Parker, civil 
engineer, Over 15 years ago, consisting of 
a central row of hardwood piles surrounded 
by concrete. An examination of the work 
after 18 months proved that it was quite 


sound, and that the concrete adhered ‘‘most 
Cox r IN > a4 d E » a er 4 
"ETE SLABS REINFORCED witH S1EEL RODS. tenaciously to the timber. 
The preservation of piles used in 
&P2.0nac А d : F " + 
-coast work in America has, according to a writer in Engineering News (Januarv 


oth r | 
+41, 1906), settled down to the application of a covering of concrete 1п the manner 


before mentioned. 
TESTS CARRIED OUT ON LIGNO-CONCRKET E. 


| а ор ligno-concrete, plain concrete, and reinforced concrete slabs (or 
CAMS) w er T ` ` 
>| Were tested at the Brighton Municipal Technical College in Julv and September, 


IG10. | 4 ues 
54 Жы. the presence of Prof. C. A. M. Smith, M.Sc, M.I.Mech.E., M.LE.E.; 
Me E Principal of the College ; Mr. G. M. Butt, timber merchant, Brighton ; 


а pus 
и Case, civil engineer, and others. 
he slabs Wer 


und e all 41 in. by 4% in., and 55 in. long, thev were made on works 
"der ordi ? а WU Н Ж i | 
"пагу working conditions, and seasoned in the open air. Ihe reinforcement 
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in the ligno-concrete slabs (except in No. 9) consisted of four j-in. square timber 
bars, 2} in. from centre to centre, and 52 in. long. Iron bands made of $ in. bv 4 in. 
iron were placed over the wood bars 3 in. from either end and 9 in. apart, and were 
fastened to the timber bars by eight screws, the screws projecting } in. into the 
concrete. No. 9 slab was reinforced with a timber framework similar to above 
except that wood bands made of { in. wood were used instead of iron bands. The 
concrete, except in No. 12, was composed of 2 parts granite chips, 2 parts sand, I part 
cement. In No. 12 slab the concrete was made with shingle instead of granite chips. 

Slabs No. 11 and 12 were reinforced with four } in. steel bars placed in same 
position as the timber bars in the ligno-concrete slabs. The timber frameworks, 
except those in No. 5 and 6 slabs, were soaked in water before being embedded in the 
concrete. All the slabs were tested with a central load, span 42 in. 

The following table shows results of tests made : 


| 


| Initial Maxi- 


Test i Age of Crack- mum 
No. Description of Slab. | Slab ing Load Remarks. 
(Days) Load in Ibs, 
in lbs. 
IO | Granite concrete reinforced with 10 850 | 3,300 Сак Aa eneniim re gradually opening, rods 
four j-in. jarrah rods, con- 


nected by iron bands (3 in. 
square, $ in. by $ in. iron) 


broke at maximum load. 


9 Granite concrete reinforced with 10 1,050 | 3,150 Four cracks gradually opening, 
four ]-in. tallow-wood rods, | rods broke at maximum 
connected by wood bands , | load. 

| (3 in. square, 8 in. tallow- | ' 
wood) | 

5 Granite concrete reinforced with 12 1,400 ' 2,500 Three cracks gradually open- 

four j-in. teak rods, con- ing, rods broke at maximum 
' nected by iron bands (3 in. , load. 
square, } in. by $ in. iron) | | 

7 Granite concrete reinforced with 6 | Initially 2,250 Cracks gradually opening, rods 
four ]-in. spruce rods, Con- ае broke at maximum load. 
nected bv iron bands (3 in. 
square, J in. by } in. iron) | | 


3 Granite concrete reinforced with 14 1,400 2,240 Ditto 
four {-іп. oak rods, connected 
bv iron bands (3 in. square, 
} in. by $ in. iron) 

4 Granite concrete reinforced with 12 1,000 1,800 | Ditto 
four ł-in. ash rods, connected 

by iron bands (3 in. square, | 

$ in. bv d in. iron) | 
6 Granite concrete reinforced with 12 1,200 1,595 
four ]-in. mahogany rods, 
connected bv iron bands (3 in. 
square, 4 in. by $ in. iron! | 


Ditto 


II Granite concrete reinforced with 14 000 I.500 Cracks gradually opening: at 
four j-in. steel rods, con- | maximum load, steel rods 
nected by wire links (pa in. bent up, concrete. cracked 
diam.) | off. 


12 Gritty beach concrete reinforced | 15 500 1,000 Ditto 
with four }-in. steel rods, con- | 
nected by wire links (yy in. 


diam.) | 
8 Granite concrete slab not reim- | то 5D 650 | — 
forced 
2 Ditto 12 — 425 — 
13 Stringy bark framework only ... — — | 300 — 


| 


The results seem to show that concrete can be efficiently reinforced by wood 
as well as steel, although, of course, larger timber bars have to be used to get the 
same resultant strength. 

As the results obtained by these tests were so satisfactory, and showed that this 
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new form of construction was worth further investigation, additional and more 
exhaustive tests are now being carried out at the East London College, the results of 
which we hope to publish at a later date. 


Test No. 9. TaLtLow-woop Rops. Test No. 10. JanRAH-woop RODS. 


Р The cost of ligno-concrete is, roughly speaking, estimated by the inventor to be 
aout 38 per cent. cheaper than oak, and 16 per cent. cheaper than reinforced con- 
crete or pitch pine. 

T€ The inventor of this system is Mr. С. О. Case, Civil Engineer, of 47 V ictor!a Strect, 
».W., and a patent has been applied for. 
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EXTENSION OF 
EAGLE BUILDINGS, 


DUNDEE. 


In the extension to the Eagle Buildings, Dundee, described in this article, both reinforcea 
concrete and steel framework construction were employed, and particulars of the work 
should be of interest.—ED. 


THE extension of Eagle Buildings, Trades Lane, Dundee, consists of an addition 
to a building erected about 30 vears ago, built of brick and coated with cement. 
The new facade is a continuation of the old, the construction of the basement 
consisting of reinforced concrete, while the superstructure is of steel framework 
with concrete floors. 

The difficulty with this extension was the foundation, as the site is on 
reclaimed or made-up ground, and subject to tidal water, being quite close to the 
docks. 


gU m EXC 


Details of basement walls, etc. 


EXTENSION OF EAGLE BUILDINGS, Dun prr. 


118 


| 


EAGLE BUILDINGS, DUNDEE. 


T—wW'X'CId. SILLY 


IIS ` УЛУУНУ УУУУ УУ, 


- 31 


$ 
N 
$ 
È 
мна ж 


Aarni МОМО о Маало МО rrm О О АСОС NONE 


¢ 


яяака@ 


от. 


'SƏNIUTINQ Зло 20 NOISNALNG 
‘sUe[d 
! 


puto hh hth tht, “4 
V 
П 


" 
" 


PX CC 


N- -—--- -e ------ 


. 


1934492715 э 


m 


» 


Y ЗМ ANN 


— WY Id ILWwuWwse 


Ww Id оола „ейп 


CA 


+ 


119 


REINFORCED CONCRETE. 


CONCRETE, 


The ground floor is constructed to carry a load of 4 cwts. per super foot. 
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The basement being used for storing sanitary and cast-iron goods had, therefore, 
to be kept as dry as possible. 
120 
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EAGLE BUILDINGS, DUNDEE. 


The substructure is practically a reinforced concrete box, of which the 
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Foundation plan. 


EXTENSION OF EAGLE BUILDINGS, DUNDEE. 


ground floor forms 
the top, the base- 
ment floor the bot- 
tom, and the base- 
ment walls forming 
the sides. 

Owing to the 
unstable nature of 
the subsoil, the base- 
ment floor, which 15 
6 in. thick reinforced 
with ,g-in. bars at 
I2-in. centres both 
ways, is strengthened 
by reinforced beams 
30 in. by 30 in. under 
walls and columns 
along the centre of 
the building; the 
upper part of wall 
beams are spread to 
4 ft. 6 in. wide, and 
beam under column 
to 5 ft. 6 in. wide. 

The walls are 
6 in. thick reinforced 
with 45&-in. rods at 
I2-in. centres. 

The ground floor 
is 41 in. thick rein- 
forced with $-in. bars 
at 5-in. centres, and 
5,-1п. cross-bars at 
18-in. centres. 

The columns at 
walls and in centre 
of building which 
support the ground 
floor also carry the 
steelwork of е 
superstructure. 
Those columns are 
18 in. by 18 in. rein- 
forced with either 


EUR UNTER TE Г ! | . 
4 In. bars with 45. іп. links at g-in. centres. The main beams are 18 in. by 
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12 in. at II-ft. centres, and secondary beams 12 in. by 8 in. at 5-ft. 4-in. 


"i use — ———— — + 


io. 


IO*6 HS COLUMN —* 


Plan of beains for first floor. 


EXTENSION or EAGLE BUILDINGS, DUNDEE. 


centres. 

The superstruc- 
ture is a steel frame 
building consisting 
of rolled steel joists, 
the facade being 
built of brick and 
coated with cement, 
and openings are 
lintelled by rolled 
steel joists encased in 
concrete. 

The first and 
second floors are 
formed of 43-in. by 
Ii-in. steel joists at 
27-in. centres and 
7-in. thick concrete. 
Those floors are occu- 
pied as offices. 

The whole of the 
buildings are faced 
with cement; the 
pillars, cornices, 
balustrading and 
ornamental work, in- 
cluding the eagle 
surmounting the 
front entrance, also 
being of Portland 
cement. 

The aggregate 
used throughout con- 
sisted of r-in. whin- 
stone chippings and 
whinstone dust from 
Craigie Quarry, Dun- 
dee. 

The contractors 
for the reinforced 
concrete were Messrs. 
Nicholds & Reynolds, 
Ltd.,of Westminster; 
and for the steelwork 


of the superstructure, the Clyde Structural Iron iba. Ltd., Glasgow. The architects 


were Messrs. H. & F. Thomson, Dundee. 
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COMPUTATION OF FLAT SLABS. 


dH METHOD FOR THE 
COMPUTATION OF 


E REINFORCED CONCRETE 
Í FLAT SLABS. 


PD, 


By LOUIS F. BRAYTON, Portland, Ore. 


Below will be found a most interesting paper prepared by Mr. Louis F. Brayton, о, 
Portland, Oregon, U.S.A., for a meeting of the National Association of Cement Users of 
America, which should be read by all interested in the calculation of reinforced concrete. This 
paper took the form of a discussion on one entitled ‘‘ A Comparison of Methods of Computing 
the Strength of Flat Reinforced Concrete Plates,’’ which had been presented by Mr. А. В. 
MacMillan at a previous meeting of the National Association of Cement Users. —ED. 


WITHOUT question, one of the most useful, as well as one of the least understood 
tvpes of construction, is the Reinforced Concrete Flat Slab. This type is extensively 
designed by C. A. P. Turner, under the trade name of the “ Mushroom System," 
and has been discussed by Angus B. McMillan in a paper read before the Sixth Annual 
Convention of the National Association of Cement Users, Chicago, тото, in which a 
number of solutions for this problem are presented. The fact that his summary 
indicates a variation of about доо per cent. between the lowest and highest amounts 
of steel used under the various methods of computation where the same problem is 
under consideration, fully indicates that there is at least no accepted method of 
computation in general use. Without going into the details of the various methods, 
it may be generally stated that nearly all of them use as a basis the idea that a slab 
deflects in the form of a warped surface. It might be said that it is assumed that 
the slab droops around each column in an umbrella form, the curve being reversed 
as it approaches the centre of the span until it meets the corresponding curve from 
the next column. 

In the writer’s mind, where the flat slab is designed on columns equi-distanced 
apart in each direction, that is, the panels being square, and where the load is abso- 
lutely uniform all over the entire floor, there is probably no question about the slab 
deflecting into the form of a warped surface, as described above. However, when a 
panel is oblong, and the thickness of the slab uniform, there will probably be a greater 
stiffness in the direction of the shorter span, and the deflection will not necessarily 
take the form of a warped surface. The greater deflection in the slab may take place 
along a line perpendicular to the centre of the long span. This argument is presented 
to put the problem in another light. It is not the idea to say that it is impossible 
for the oblong flat slab to assume the warped surface, but it is intended to say that 
it may be possible that it may not under all conditions take the form of the warped 
surface. 

Another point of view which must be considered, is that if we grant that the 
flat slab under a uniform load will assume the form of a warped surface when it 
deflects, are we at liberty to take this fully into account in making our calculations ? 
Take, for example, a slab supported upon four sides by girders. In this case there 
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assume a warped 


ab under a load does 
girders are 


can be absolutely no question but that the sl 
e same, and, since the 


surface, for the deflection under both spans is th 
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Building departments and engineers throughout the country do not give slabs, 
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supported upon four sides, very much credit for this warping. Probably the most 
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Basement floor reinforcement in place. 
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KEEN СА. COMPUTATION OF FLAT SLABS. 


usual concession given by a building department is that the load may be considered 
carried in the direction of the two spans—that is, where the panel is square, one-half 
ot the load is carried each way—and after determining the amount of steel required 
under these conditions, the amount actually required may be considered as equal to 
three-quarters of that figured, the bars being gradually increased in spacing toward 
the ends of the span. This, the reader must remember, is a concession made under 
the condition only where there is absolutely no question that the only form that the 
slab сап assume under deflection is that of a warped surface. In a flat slab where 
there are no beams along the centre lines of the columns, as noted above, it is not 
certain by any means that the slab under a load will deflect in the form of a warped 
surface, and under these conditions the attitude of engineers and building departments 
certainly. ought not to be more liberal than where a slab deflects, as it would when 
supported by girders on four sides. 

Another condition which probably in a large number of slabs under test has 
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into effect, is the fact that the flaring caps in the columns are so perfectly a 
of the slab and column at the same time, that a large part of the strength of the 
of Rn the fact that it is fixed about the columns, and that through a moment 
| id In the columns the slab is materially strengthened. In other words, 
Paha is created in the column by means of its continuity with the slab. 
се ds аруы design would not contemplate this eccentricity in the columns 
i © umns were designed to take it, which, in the interest of economy, 
cannot be done. 
icis the writer that under the conditions discussed, a fair solution of the 
SE vie bos consider the entire dead plus live load as being carried in the direction 
the bendir Pan where the length is greater than one and one-half times the breadth | 
with mace. however, being calculated on the most liberal basis consistent 

ngineering. When a panel is square, it ought to be fair to go to the 


extreme limi i | | 
limit, апа consider that the bending moment at the centre of the span is 
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equal to yy WL, W being the entire dead plus live load. This is equivalent to 
considering half the load carried in each direction, but using the more conservative 
factor ү; instead of 44, thus giving credit for deflection in two directions. 

When a panel is oblong to the extent of one and one-half times its width, the 
whole load should certainly be carried on the long span, using a formula for bending 
moment giving M equal to not less than ү, WI. at the centre, and 3, WL at thc 
supports. 

For panels only slightly oblong, it is a question whether the proportion of load 
carried bv the long span can be properlv considered as equal to the proportion usuallv 
considered in slabs supported on four sides. 

The illustrations given herewith represent a flat slab where the columns are 
spaced 20 ft. on centres each way, and where the design is made for a live load of 
200 lbs. per sq. ft. А plan (Fig. т) is given on page 125 showing the arrangement of 
the bars, their number in each band, and the widths of the bands. A moment diagram 
(Fig. 2) is given taken along the centre line of columns А-В. A section (Fig. 3) page 
125 is shown also of the slab taken along the same line, indicating the arrangement oí 
reinforcement constituting the band A-B, but not indicating the bars in the diagonal 
bands. In the moment diagram a parabolic moment diagram indicates the location 
of the moment when it is considered that one-half of the load is carried in the direction 
of each span. the bending moment M being considered as equal to р; YE at the centre 
of the span, and 44 Ұ at the point of support. This negative moment of 4 “Р 
at the support, however, is based on a strip of the same width as that considered at 
the centre of the space, and since the width of the column-cap resisting-negative 
moment is only about 40 per cent. the width of the pancl, the total negative resistance 
which must be provided per foot of width of cap must be at least two and one-half 
times this amount. 

In order to design a slab and reinforcement to resist these bending moments, 
a strip I ft. in width running from A to B is assumed having a span of 20 ft., and a 
live plus dead load of 307 lbs. per sq. ft. Using a stress in the steel of 16,000 Ibs. 
per sq. in., and an extreme fibre stress in the concrete of 600 lbs. per sq. in., it will 
be found that a net depth of 71 ins. at the centre of span is necessary, that the stecl 
required at the centre of the span must be doubled over the column, and that since 
the entire strength of the concrete at 600 lbs. per sq. in. has been developed at the 
centre of the span, the compression resistance must be increased enough to take care 
of the negative moment of resistance at the point of support. The cross-section 
through the slab along the linc A-B indicates how this steel is bent to the exact form, 
and how the over-lapping ends, coming from each side of the column. give over the 
column double the amount of steel that 1s supplied in the centre of the span. The 
moment diagram shows on the right the positive moment of resistance at the centre 
of the span. and negative moment of resistance toward the point of support as it is 
created by the doubling of the reinforcement at the top of the slab, and the increasing 
of the compressive resistance of the slab due to the influence of the flaring column 
cap and the diagonal reinforcement of the slab. It will be seen by the resistance 
diagram on the right that the shaded area amply covers the moment diagram. 

Having determined the amount of steel required per foot of width in the band 
A-B, the next step is to determine the width of this band. As it is considered that 
the slab might fail by deflecting along the line ҮҮ, it will be seen that concrete 
will be put into compression, and steel will be put into tension along lines perpen- 
dicular to Y--Y, no matter whether the point considered is within the band A-B or 
in one of the bands A-D or C-B. The fact that the steel through the centre of the 
panel is placed diagonally, docs not necessarily mean that the lines of stress in the 
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compression stresses are concerned, this is simple ; and so far as the steel is concerned, 
it is simply necessary to resolve the tensile stress in each bar into its components, 
parallel and at right angles to Y-Y. The sum of the components of the two bands 
A-D and C-B perpendicular to Y-Y. must be the tensile resistance required for that 
portion of the panel not covered by bands A-B and C-D. In a square panel it will 
he seen that 0.707 of the stress in anv bar running diagonally will be equal to its com. 
ponent perpendicular to the line Y-Y. Since we have two diagonal svstems crossing 
this portion of the panel, the total stress perpendicular to the line Y-Y will be equal to 
1.414 times the tensile strength of either svstem ; consequently, if we adjust the bands 
A-B and C-D to such a width that the strip between which remains must be equa; 
to 1.414 times the width of the band А-В, and place the same amount of steel in 
all four bands, we have supplied the proper amount of steel to resist bending alone 
the line Y- Y. 

In the system here illustrated it 1s customary to have the bars in the rectangular 
bands bent and continuous at both ends, while the diagonal bars are straight and run 
through on the bettom. The rectangular continuous bars are erected first, the 
diagonal bars being afterward threaded under the negative bars over the column. 
A study of this svstem will show that every bar is either carried directly or indirectly 
over the column cap. 

Attention is called to the illustration showing the reinforcement used in which 
the shear is largely taken care of in the steel. 

With the arrangement given, it will be found that the double-continuous rectan- 
gular reinforcement in a square panel will almost exactly equal in length the diagonal 
distance between column centres, consequentlv, whether the diagonal stecl be carried 
through the column continuously, or whether it be spliced with broken joints, the 
amount of steel required for the entire panel will be equal to four times that required 
for one band having a length equal to the diagonal distance between centres of 
columns. 

Following is the solution of the problem already stated, considering the half-load 
carried in each direction and the bending moment at the centre of the span equal 
toa s 

Panel, 20 ft. x 20 ft. 


Live load = 200 lbs. per sq. ft. 

Dead load = 107 lbs. per sq. ft. 

Stress in steel = 16,000 lbs. per sq. in. 

Stress in concrete = 600 lbs. per sq in. 
т WI? _ 307x20 


M at centre =-— = 5,110 ft.—lbs. 


2 .-— 423 × 2 
Net depth of slab= 71 in. 

Total thickness, 8} in. 

Area of mctal per ft. width = 0.6 sq. in. 

Arca of metal for width of 8} ft. = 84 хо.6 = 5 sq. in. 

Bars required per band = 25—4 in. round. Spacing, 4 in. О.С. 

Total steel in panel, 100— in. ; round, 28 ft. 6 in. @ .667 = 1,900 lbs. per sq. in. 
Weight per sq. ft. — 4.75 lbs. 


It тау be noted that when a square slab is designed on a basis as set forth above, 
I. being the distance from centre to centre of column, and W being the total dead 
plus live load per square foot, the weight of steel required in the slab per square foot 
may be closely determined bv the following formula : 


0.135 Ly W =the weight of stecl per sq. ft. 
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Applying this to the above problem we have 

0.135 X 20 X 4/307 = 4.73 lbs. per sq. ft. 

It is interesting to compare the above design with various designs given by 
McMillan. For purposes of comparison, McMillan's table with the above result 
added is herein reproduced . 


FIBRE STRESS 


| ThiCkness of Per Sq In. | Lbs. Steel in 
| Method. Slab. in Steel. Panel. 
1 Cantilever oe 8 in. 16,000 2,189 
2 Turneaure and Maurer 12 in. 16,000 1,931 
3 Grashof... wat 8 in. 16,000 784 
4 | Mensch... 8 in. 16,000 2,120 
5 Turner (а) 8 in. 16,000 549 
(b) 8 in. | 13,000 718 
6 McMillan 8 in. 16,000 1,084 
7 | Brayten 83 in 16,000 1,900 


i т EL VL — mm‏ ف 


The writer believes that the system shown, particularly in its detail, has advan- 
tages which are apparent to most engineers, in that the shear or diagonal tension 
in the slab is very materially assisted by the arrangement of the reinforcement, and 
the bars, because of being bent mechanically, are positively located so that they 
take care of the negative bending moment. 

The bending of these bars economically done by means of a right and left double- 
bar bender (illustration of which is shown on page 129), at a very low cost, puts four 
bends in a bar at once and ensures the bending of the bar to exact detail. 


Springing the bars into place, or allowing them to sag under their own weight 
leaves a great deal to the contractor, and causes a lack of confidence in the engincer 
that the reinforcement will be placed exactly as he intended it. Circular cracks 
running around the top of a column in a slab are utterly impossible when the steel 
iS as exactly placed as it is shown in these illustrations. 

The fact also that two systems of steel occur in the top surface means that the 


effectual depth is not materially decreased as it is where it is necessary to carry all 
four systems to the top surface. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. —ED. 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 
THE NEW GENERAL POST OFFICE. 


Paper by SIR HENRY TANNER, Kt, 1.5.0., F.R.I.B.A. 


At the Ordinary General Meeting of the Royal Institute of British Architects, held on January and, 
Mr. Leonard Stokes, president, in the chair, Sir Н. Tanner, I.S.O., read a paper on " The New 
General Post Office," of which we give an abstract. 

We have dealt with this building on several occasions, and would refer our readers in particular to 
our issues of January and July, 1909, for details of this important work. 


Owing to the fact that reinforced concrete works had been gradually coming 
into notice, I was induced to inspect several buildings of that form of construction, 
with the result that I came to the conclusion that the system was excellently adapted 
for the purpose of this building, and would economise both space and money, having 
in view the fact that Government buildings are exempted from the operation of the 
London Building Acts and that therefore full advantage could be taken of the new 
methods. Upon going into the matter of cost as carefully as possible, I found that 
if built in the ordinary way with steel construction, the approximate cost, exclusive 
of fittings, etc., would be £355,000, but if in reinforced concrete /295,000 would 
probably suffice. The latter figure has proved to be correct, so that there has been 
an approximate saving of £60,000, and apart from this, considerable space has been 
gained due to the great reduction in wall thicknesses. The cost per ft. cub. of the 
reinforced concrete structure was about 21d. The sum of £295,000 is exclusive of 
engineering work, such as heating, lighting, lifts, telephones, conveyors, etc. 

In February, 1906, the Commissioners of Works agreed to my proposal to adopt 
the Hennebique system, and to the employment of Mr. L. G. Mouchel to act as con- 
sulting engineer to collaborate with me in the preparation of the first contract, which 
consisted of the excavations, reinforced concrete work, and so much general work as 
was necessary to render the building watertight, but with the exception of the Portland 
stone fronts. Towards the end of 1906 tenders were received, and in March, 1907, 
a commencement was made by Messrs. Holloway Bros., the foundation stone having 
been previously laid by King Edward VII. 

In arranging preliminaries, I stipulated that the columns were to be as few and 
as small as possible, in order to give the largest practicable unobstructed areas, that 
the beams were to be of the minimum depth, that the eastern platform was to be 
unobstructed by columns, that there must be a bridge connecting the two buildings 
at the second floor level, and that two subways were to be constructed under King 
Edward Street, connecting the new building with those existing. I arranged the 
superloads at 1 cwt. for the ground floor, and $ cwt. for the remaining floors, 65 lb. 
for the roof, and the factor of safety at 4. These superloads were arrived at after 
experiment. The north road was to be constructed to support a lorry with boiler 
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weighing about 20 tons in all, and the remaining roads to support motor vans. The 
superload in the latter case was taken at 2 cwt. per ft. superficial. 


Arrangement of Bulldings.—The building has two stories below the ground, 
and these extend the whole length, including therefore the space under the eastern 
loading vard. The general constructional arrangement of the sorting office or main 
block is that the principal beams run from north to south, and the subsidiary or 
floor beams from east to west—that is, the long way of the sorting office. The sorting 
ofüce has six storeys, and the public office seven storeys. The retaining walls vary 
from 7 in. to 8 in. thick, strengthened by beams and counterforts, and are, in fact, 
floors placed on end. They are maintained in the vertical position by the arched 
beams or struts which are continuations of the main floor beams. The reinforcement 
in the wall slabs consists of ,’,-in. diameter horizontal rods spaced at from 4-in. to 
10-10. centres on the inside of the wall, and +ү%-їп. diameter rods on the outside spaced 
at from 8-in. to 24-in. centres. There are also vertical rods of ү; -іп. diameter spaced 
at 8-in. centres, and stirrups are used. The vertical counterforts, 14 in. by 7 in., 
arranged about 5 ft. 6 in. apart, are supported by horizontal beams and are designed 
ш a similar manner to the ordinary floor beams. The former have two bent and two 
straight bars of 1 in. diameter, and the horizontal beams are similarly reinforced, but 
with bars of varying diameters. 


Columns.—The columns are square, and all are sheathed with steel to a height 
of 4 ft. to take the impact of trucks, etc. They stand on reinforced concrete slabs 
about 13 ft. 6 in. square, which are in nearly all cases on the gravel. At the north- 
west angle, however, clay was found at a higher level, the gravel disappearing. The 
slabs are reinforced with bars j-in. diameter placed at 8-in. centres and crossing one 


another, and are further reinforced with a mesh of smaller diameter bars at various 
levels and stirrups. 


Beams.—The arched main beams are 2 ft. 6 in. in depth at the centres and 
5ft. 3 in. at the haunches, the thickness being то in. The depths include the floor 
slab. The reinforcement for these beams when of 35 ft. span consists of two 1§-in. 
diameter bars at the top and four 1}-in. or 2-in. bars at the bottom. Two of these 
follow the curve, and when they reach the haunches pass horizontally through the 
column and then follow the curve of the adjoining beam, passing 2 ft. into it; the 
other two bars are horizontal for a third of the span, then bend up at a slope till 
within 3 in. of the top, and are carried through the column and 2 ft. into the next 

àm as before. The two top bars also pass into the adjoining beam 2 ft. There are 
numerous stirrups I} in. by 4 in., and a series of horizontal ,%-in. bars passing through 
the columns and well into the haunches of beams, and also similar bars placed radially 
to the sofit. For larger spans and the heavier superloads the reinforcement is varied 
accordingly, and the beams in ground floor are 3 in. deeper in the centre and 2 in. 
thicker, the maximum being the centre 45 ft. spans. 
i The secondary or floor beams are 8 in. wide and 19} in. deep, including the 
и slab, and are spaced at about 5 ft. 10 in. centres. They are reinforced with 
à 0 straight and two bent bars of various diameters with stirrups of I}-in. by j-in. 

оор steel spaced according to the shear stresses. 


Chimney. The chimney is of reinforced concrete, and although within the 
area of the main 


The ont In building, is quite independent to allow of expansion and contraction. 
е ernal dimensions аге 4 ft. by 3 ft. 6 in., and the height from the boiler house 
lin ve 130 ft. The thickness of the walls varies from 8 in. to 6 in., and the shaft is 
ind or 50 ft. in height with 4%-іп. firebrick, divided into three sections supported 
*Pendently of each other. Between the concrete wall and the lining there is а 
чп. air space. 
wide ће bridge connecting the two buildings has a span of 50 ft., and is 6 ft. 6 in. 
to iot ft. 6in. high. The lower part of the side walls is 5 in. thick, reinforced 
м Birders carrying the whole structure, and the upper part 4 in. | 
Же Ventilating fan chambers and the ducts thereto, also the lantern lights, 
en constructed of reinforced concrete. 
оу © Staircases аге of reinforced concrete throughout brought up with the other 
"ach flight constitutes a slab, the reinforcement consisting of nine j-in. 
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diameter bars, four of which are curved. The bars are continued through the landings 
which have stiffening beams. The longitudinal bars are crossed at 12-in. centres 
by 3-in. diameter bars, and there are the usual stirrups. 

The arrangement of the front building was primarily governed by the require- 
ments of the ground floor, which consists of a large Public Office 152 ft. by 57 ft. with 
entrance lobbies and a staircase at each end, together with other offices. The supports 
in the Public Office are placed nearer the walls, leaving a wide centre or nave 26 ft. 10 in. 
in width, the aisles being 12 ft. 6 in. These supports do not coincide with those of 
the floors over, the requirements there being rooms to the outside with a central 
corridor of ordinary width, the columns being on either side of it. Consequently, a 
deep and strong girder was necessitated to support the upper floor and to transfer 
the load to the pillars below. These girders run east and west and are 5 ft. deep 
and 20 in. thick. The reinforcement consists of ten bars top and bottom of 2} in. 
diameter placed in pairs ; attached to these are 275 shear stirrups I} in. by } in. and 
255 1} in. by fin. Each of these girders weighs 38 tons. Those from north to 
south are mcrely thin slabs, designed to carry the floor slabs, but otherwise to form 
architectural beams. 

The upper floors were constructed similarly to those of main block, but stecl 
bars and Expanded Metal were used below the beams to give flat ceilings. 

Externally the concrete walls were covered with a thin rendering of cement, 
in the proportion of 1 cement to 2 of sand. It would have been better with a larger 
proportion of sand. 


Reinforcement.—The reinforcement throughout is of round steel rods varying 
in size up to 2} in. diameter. The ends are split. All were rolled to the lengths 
required, no welding was permitted, and the bending was done cold. The stirrups 
are of hoop steel. The steel is mild, and was required not to fracture with a less 
tensile stress than 28 tons or more than 32 tons per square inch, with contraction 
of area at plane of fracture not less than 40 per cent. and with an ultimate extension 
of 20 per cent. in 8 in. 


Cement.—The cement used had to be superior to the usual British standard 
quality. It had to pass through sieves of 14,400 meshes per sq. in., leaving only 
IO per cent. residue; while briquettes were to break with not less than 500 Ib. 
per sq. in. after 7 days, 600 lb. after 14 days, and 650 lb. after 28 days ; and when 
made with 1 to 3 of sand, 130 lb. for 7 days and 200 lb. for 28 days. The average 
results of the test were considerably higher than the specification demanded, being 
587 lb. and 702 lb. for neat cement, and 196 Ib. and 276 lb. with sand at 7 and 
28 days respectively. There were also tests by boiling. 

Thames ballast was used throughout, crushed to pass through a j-in. mesh, 
but to be retained on an }-in. mesh, and a good sharp sand to pass 4-in. mesh. The 
concrete was mixed in the proportion of 27 cu. ft. of crushed ballast and 13} cu. ft. 
of sand to 7 cwt. of cement in work below ground, and 6 cwt. above. 


Tests.—Portions of the floor were tested with once and a half to twice the 
superload when the deflection was not to exceed ,3,th of the span. The superload 
was allowcd to remain for 12 hours, and after 24 hours there was to be no appreci- 
able set. The effective depths of the secondary or floor beams vary from th to 
3th of the spans, and the maximum deflection under a test load 50 per cent. in excess 
of the calculated load in no case exceeded ,,'X th part of the span. The tests were 
therefore satisfactory, and in no case was there any permanent set. These tests 
do not, of course, give any results on columns. 

A number of 4-in. cubes were made from the concrete as used with the 7 cwt. 
proportion of cement. Half were of a fairly dry mixture and half wet. Those of 
the dryer mixture crushed with 1,800 lb. per sq. in. at 2 months, and at 5,600 Ib. 
at 3 years; while the blocks of wetter mixture crushed with 2,000 lb. at 2 months 
and at 5,000 lb. at 3 years. It will be seen, thercfore, that while weaker to start 
with, the dryer mixture is the stronger in the long run, practically trebling in strength. 
These results also show how very much stronger such buildings become by lapse of 
time, and thc judicious provision of a small amount of additional stecl is all that 
is nceded to carrv additional storeys. Аз instances in this case, it may be men- 
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tioned that additional 1,300-gallon tanks and a rifle range have bcen installed on 
the roof, a conveyor on the first floor, ctc., without strengthening the structure. 

The work has proved reasonably watertight, nothing whatever has passed through 
the retaining walls, which average 7} in. thick. There is no asphalte lining, but 
orlinarv cement concrete, 8 to 1, several inches thick was used for filing up the 
space occupied by the false work at the back of the walls. 

Experiments were made with various plastering materials for internal work, 
and as a result a rendering of Portland cement and sand was used. This so far has 
proved quite satisfactory. 


Co-operation of Engineer and Architect.—Having had experience of several 
methods of procedure in regard to reinforced concrete work, I can come to no other 
conclusion than that the method pursued in this case is by far the best. It is of 
the greatest possible advantage that the architect and the engineer should be able to 
work together, and this cannot be done when designs and tenders are called for. 
Besides, it 1s obvious that with such procedure, if the engineer and his contractors 
are to hope for any success in competition for work, the steel and concrete must be 
cut down to the minimum, thus incrcasing the chances of failure. Much time is 
lost in. the necessary examination and comparison of the designs submitted, and 
this, with vacant sites, means the 1055 of more or less money. Such a course is: not 
taken with ordinary steel construction, and it is not usual to ask architects for 
designs and tenders which would practically amount to the same thing. Moreover, 
under such a system it is impossible to obtain a satisfactory schedule from which 
variations can be properly valued. | ] 

The time must come when reinforced concrete will be incorporated in the ordinary 
Bills of Quantities and dealt with in the same wav as any other part of the construc- 
tion, and there are now any number of contractors quite able and willing to under- 
take and to carry out such works in a satisfactory manner. 

With regard to materials, cement can now ‘be regularly obtained to take a stress 
of 20 per cent. greater than the* British standard. Such cement has been used 
throughout this building and in the test blocks. 

The construction of the false work should be of a substantial character so that 
no movement takes place under ramming, otherwise concrete partially sct may be 
disturbed. l 

Supervision is of the first importance, and this is necessary during the whole 
time that concrete is being mixed and deposited, and before the latter is done it 
15 absolutely necessary to see that wood shavings, sawdust, ctc., are removed from 
the false work, and hosing is very useful for this purpose. The positions of the 
steel work must be observed, as any loose parts may get out of position. Column 
links are particularly open to this, and such loose parts should be tied together with 
binding wire. To ensure so far as possible thc accurate carrving out of the work 
in this case three Clerks of Works were employed during the greater part of the time. 


DISCUSSION. 


Sir M. Nathan, G.C. M.G., proposed a vote of thanks to the lecturer, who, he said, had for the 
last 12 years prepared the designs for every post office building of importance, and whose leading 
characteristic in his relations with the Post Office Department during that time has been his willingness 
to meet their requirements. He has always realised that a building should be designed for 
the work for which it is intended, and not the work adjusted so as to fit the building. The 
result is that. he is a first-rate planner, which is evidenced in all of the public buildings he has 
de-igned, but more particularly in the building just completed for the Post Office. The great 
feature in its design is the boldness with which Sir Henry Tanner has applied a comparatively new 
System of construction to a bigger structure than апу to which it had been previously applied in 
this country, The details of construction given in the paper recalled to his (Sir M. Nathan's) mind 
an experience of many years ago, when he was assistant engineer in the Military Works Department 
in India, and was called on to design a heavy gun battery on very treacherous foundations. He 
arranged for the heavy magazines to stand on a raft of concrete, and as it was essential that there 
ч ius cracking or settlement of the foundations, he embedded in the concrete raft a large 
M г of contractor's rails, which he placed at fairly close intervals in a double layer crossing each 

«Т at right angles. It was a far cry from this rudimentary reinforced concrete of 22 years ago 


Hus elaborate and carefully planned arrangement of rods, bars, and stirrups, described by Sir 
*nry Tanner, 
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Mr. H. D. Searles Wood, in seconding the vote of thanks, remarked that he was specially interested 
in the treatment given to the outside of the concrete, which, he understood Sir H. Tanner to sav. was 
done when the concrete was green, but he was under the impression that the external rendering had 
been done after the concrete had been up about two years. 

Professor Beresford Pite considered that Sir Henry Tanner had quite justified the confidence in 
his leadership and ability felt by the profession with regard to works undertaken by H.M. Office of 
Works. While they were amused at the liberties Sir Henry Tanner was able to take with the Building 
Act, they never felt any doubt as to his ultimate success. To have had the opportunity of conducting 
such an experiment and bringing it to success was indeed the crowning work of a great professional 
career, and this building will be looked upon by architects of another age and generation as a 
starting-point in construction. He would like to be assured on one technical point, would not the 
possibilities of the expansion of a homogeneous building be somewhat serious ? This was a matter 
of great importance if the advisability of emploving reinforced concrete be considered in a hotter 
climate than our own. The whole question of the expansion of this reinforced concrete building, and 
the extent of the expansion, also the way it will have to be adjusted and provided for, is a subject on 
which light should be given. 

Sir Aston Webb congratulated Sir Henry Tanner on the building which was a perfect revelation 
indicating a changing of the ways. If architects are to carry out what Sir Henry Tanner has carried 
out, they must revolutionise all their ideas of building construction up to the present time. The 
difficulty in a building of this sort was to know how to carry the construction through to the street, 
and he hoped Sir Henry Tanner would show them some day how this concrete building can be continued 
and honestly given architectural effect. He had seen very successful efforts in Paris, and had no 
doubt it could be done here, too. 

Mr. Max Clarke thought this great object-lesson in reinforced concrete work was particularly 
useful at the present time, when the regulations which are to govern those who wished to build in 
reinforced concrete are under consideration. It appeared from the paper that the total cost of the 
building was 714. per cu. ft. altogether, which showed it was a remarkably cheap building. Sir Henry 
Tanner had also calculated the super load at 1 cwt. per ft., which was absolutely new, and not allowed 
by the County Council regulations ; but architects must forget all they had learned and start afresh, 
pointing to the Post Office building as a good precedent to follow. He would like to know why Sir 
Henry Tanner adopted a standard with regard to cement which is different from the British Standard 
Specification, and also if there was any stipulation as to whether the concrete should be put in ‘‘ wet "' 
or "dry." Emphasis had been laid in the paper on the amount of care necessary to prevent chips 
and pieces of wood getting into the columns, which was very important. He thought Sir Henry 
Tanner's estimate as to supervision should be multiplied by ten. 

Mr. J. Brnes Franck.—He would like to know if the walls had been carried from the basement 
level, or if they were taken right down with separate foundations. He thought Sir Henry Tanner's 
specification for cement was superior to the usual British Standard quality. Another important point 
was the question of expansion, but this building was designed so that there would be no fear of expan- 
sion of the topmost storey or theroof. He hoped in the next building of this class the reinforced concrete 
would be brought right through, and that there would be a front elevation in this material, which 
was one they could construct with, and was therefore one in which a design that was asthetically 
sound could be carried out just as in anvthing else. 

Mr. C. S. Melk.—Sir Henry Tanner was in the fortunate position of having a Board who had 
carried out his designs and wishes, and he had therefore produced one of the finest buildings in 
London. It was to be hoped that the members of the Royal Institute would have similar oppor- 
tunities afforded them when the County Council Regulations came into force. Sir Henry Tanner 
mentioned the factor of safety of the building as being 4 to r. This was not the case. This was 
the factor of safety in the steel, and also probably in the concrete, taken separately ; but taking the 
two combined, he did not think the factor of safety was 4 to r, because as soon as the steel passed 
its yield point it stretches, and the beam collapses, owing to the fact that they were not dealing with 
a homogeneous structure. So that the factor of safety in any reinforced concrete beam was very 
little more than 2 to 1, whereas in the component parts it might be 4 to 1, or even more. Then, 
again, the test-block mentioned by the lecturer, of 4 in. cu., was too small; a reliable test of concrete 
could not be obtained unless with a cube of 6 in. 

Professor Henry Adams congratulated the author on having had the opportunity to construct so 
large a building ; secondly, that he should have had the wisdom to emplov reinforced concrete ; 
and, finallv, that he should have had the skill to carry it out to a successful issue. The retaining 
walls in the building were onlv 7 or 8 in. thick, instead of 7 or 8 ft. as they would have been if of 
brickwork, which showed in a remarkable жау the advantages of reinforced concrete that have been 
obtained in the present case by strutting at the ground level and at the basement level, so that 
the retaining wall is supported top and bottom, and is only equivalent to a piece of floor slab ; 
also, the Portland cement was above the Standard Specification, and that would account for the thinness 
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i the floor slabs, which are only 31 in. thick ; by having an extra strong material they were able to 
ét a thinner floor. 

Mr. H. H. Statham said he had been inspecting the building that afternoon, and had noticed that 
me part towards the loading yard had been treated architecturally in concrete—there were the cornice 
aid modillions, and everything just as it might have been in a stone front. | 

Mr. J. S. E. de Vesiaa.—In a building such as this it was most desirable to have a contractor 
who understood the work and who was honest, and also to have careful supervision of the men by 
(erks of Works. In this case they had had good fortune in both respects. In every structure, 
(f everv class of material, expansion and contraction must take place with changes of temperature. 
In a monolithic building such as a reinforced concrete structure is, this expansion and contraction 
tok place as it were within itself, but no evil results would follow. This material had been used in 
tropical climates and all over the world, and in a framed structure of reinforced concrete there need 
be no fear of trouble arising from changes of temperature. Although the calculated factor of safety 
was, sav, 4, the actual factor of safety in a reinforced concrete building such as this was greater, 
owing to all parts of the structure working together, which increased the factor of safety considerably. 

Mr. Leonard Stokes (President)—Sir Henry Tanner was to be congratulated on having 
the luck and the capacity to carry out this building in the excellent way he had done. In spite 
^5 the advantage of not having the Building Act to worry him, he might have made a much 
lss satisfactory building, and it must not all be put down to the absence of building regulations. 
He was interested in the thinness of the floors, and would like to know whether sound carries from 
‘me floor to another. He was also very much interested in the fact that the chimney stack had been 
erected in reinforced concrete. 

Sir Henry Tanner responding to the vote of thanks, said he could take little credit for the design 
of the reinforced concrete work which had been done by the late Mr. Mouchel. He (Sir Н. Tanner) 
had restricted the sizes, and directed that the arch beams should not be deeper than necessary, and 
therefore they had been made more in the way of cantilevers. He thought the alterations of the 
Building Act would enable them to practically follow the lines taken in the General Post Office—he 
did not fancy there would be much difference. As to expansion, he could say they had experienced 
no trouble since the place had been covered in. The floors were very thin, but they had been loaded 
to twice their nominal load, keeping well within the limit set for deflection. The utmost deflection 
had been a thousandth part of the span, which was hardly perceptible. As to the question of sound, 
raised by one speaker, they had not been troubled at all so far. Regarding the factor of safety, it 
must be borne in mind that concrete trebled in strength, so that in three years there was a very ample 
margin, and the strain of 50 per cent. on steel is practically never exceeded. 


CANADIAN CEMENT AND CONCRETE ASSOCIATION. 
HIGHWAY BRIDGE CONSTRUCTION. 


Paper by CHAS. TALBOT, County Engineer, Middlesex, Ontario, Canada. 


The following is an abstract of a paper read at the Second Annual Convention of the Canadian Cement 
and Concrete Association. —— 

IN Ontario previous to 1874, the bridges on highways were almost all constructed of 
wood. From 1874 to 1895 many of the larger bridges were replaced with what were 
then considered permanent bridges. They consisted of quarry stone abutments and 
piers, costing about $10 (£2) per cub. vd., and iron and steel superstructures with 
wooden joists, floors and hand rails. In Western Ontario a large number of these were 
built mostly well designed and well erected, they were built to carry an equally dis- 
tributed load of 80 Ibs. per sq. ft. floor surface, and a concentrated load of five tons 
оп two axles at 10-ft. centres. 

_ Between 1874 and 1891 eighteen of such bridges were erected in Miadlesex County— 
sixteen over the River Thames and two over the Aux Sauble River—at a total cost of 
227,000. They were designed with a large factor of safety, consequently they with- 
stand the heavier traffic they are now subjected to, but thev are too light to be floored 
with concrete. About 1896 the first concrete abutments and piers wererbuilt. At this 
nime concrete was looked upon as an experiment, and stone work, even at an advanced 
price, was preferred. Soon, however, concrete was adopted generally, and in 1899 
highway bridges were built with steel superstructures, designed to carry concentrated 
loads of 10 to 15 tons, supported on concrete abutments and covered with concrete 


d At this time they considered these structures permanent, and they are splendid 
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In 1903 short-span concrete arches were built extensively. Then followed, in quiet 
succession, reinforced arches, reinforced beam bridges, reinforced abutments, until 
at present reinforced concrete is claimed to be the only permanent job, and whether 
permanent or not, one thing is sure—that the remaining wooden bridges must be 
renewed in the very near future, and in their renewal reinforced concrete is going to 
be used to a very great extent. 


Municipalities should employ experienced men to design their work. If the work 
is done by day labour, employ an experienced foreman, who will follow in every respect 
the design decided upon and carry out the plan and specifications. In no case should 
foreman, inspector or contractor alter the engineer's plans. If they discover something 
incomplete, they should notify those in charge and the engineer should be con- 
sulted. If the work is done by contract, an eflicient contractor and an experienced 
inspector should be emploved if one can be got; if not, at least get a man who will 
understand perfectly the plans and specifications and who will follow instructions given. 

With an engineer and an inspector who understand their work, and a good con- 
tractor, the success of the undertaking is assured. ‘There is absolutely no doubt as to 
the effectiveness of reinforced concrete when properly handled. Notwithstanding this, 
there are a few jobs erected from plans prepared by me that are as complete as I would 
wish; in strength they are all that I expected: but their finish is not artistic. Ош 
of the large number of structures I have designed, few indeed are finished in accord- 
ance with the plan they were supposed to comply with. Only in two or three instances 
has the details of the finished work corresponded to the plan. The difficulty is the 
lack of inspectors who understand the plan, and of contractors who understand the 
work, but the men are improving, and this year I hope for much better results. 

I have said little or nothing about the advantages of concrete. At this stage of 
its development, its usefulness is universally admitted. I do not consider it as being 
in opposition to steel structural work, each is incomplete without the other, and an 
experienced engineer on highway work can readily determine whether a steel super- 
structure, an arch or a reinforced concrete superstructure could be most advantageously 
used. 

Under exceptional conditions long-span arches can be used within reasonable cost. 
In my practice I have used reinforced concrete slabs up to 16-ft. span; reinforced 
concrete beam bridges up to 36-ft. span, and reinforced concrete arches up to 75-f{t. 
span. Steel superstructures with concrete floors and concrete substructures in spans 
from 20 ft. to 240 ft. 


Since Igor, Middlesex County has spent $189,400 (£39,880) on bridge work alone. 
In every structure erected concrete has been uscd, and has given complete satisfaction. 
The first concrete floor laid (1902) is as perfect as when the maker left it. 

I believe it is not in the interests of cement manufacturers or concrete workers to 
attempt to compete in price with steel highway work. The properly designed, well 
erected and artistically finished reinforced concrete structure is so much superior to the 
ordinary steel bridge that there should be no comparison in first cost. In my opinion 
it is this unequal competition that is causing the failure in concrete structures in that 
on spans of any considerable length the designer cannot compete with steel under 
present conditions and allow sufficient factor of safety. А superior article commands 
a superior price. Just as the old wooden bridge was not abandoned because timber 
became scarce and expensive, but because the people demanded a superior article at 
an advanced cost, so steel bridges, to a certain extent, are being superseded bv 
reinforced concrete, not because it is less expensive, but because its durabilitv is 
established. 

Were I to offer advice, it would be to continue to adopt the designs in bridge 
construction that come the nearest to permanent structures, even at an advanced price. 
lt is well known that both steel and concrete bridges are being designed and erected 
һу the score of men who have neither scientific nor practical knowledge of the subject. 
Taking this into account, and also the fact that reinforced concrete has been in use 
but a short time, the wonder is that more structures, especially of concrete, have not 
failed. "The public should be protected from this danger, and the least the Legislature 
could do, and what there is great necessity for their doing, is to establish some central 
supervision of all highway designs before thev are permitted to be used. 
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ECONOMICAL “FERRO” CONCRETE. 
By MR. G. A. CLARK. 


The folicwang article, by Mr. Geo. A. Clark, appeared in а recent number of the magazine of the Old 
Students’ Assoctatton, Finsbury Technical College: 


Economical ‘‘Ferro’’ Concrete.—It may have occurred to many old students 
that the design of reinforced concrete work is, to a certain extent, conducted in a 
haphazard manner. Especially is this noticeable when the reinforcement is roughly 
estimated before the stresses are found, and should the estimate be incorrect the 
process has to be repeated. In the case of simple floor slabs this may be obviated 
by using the formule deduced below, which may prove useful to many Finsburians, 
as, indeed, they have to the writer: 


E steel 


Let m = ratioofthe Moduli = E concrete = 88У 15 
d = depth of steel below top surface. 
Kd = depth of Neutral Axis. 
b = breadth of slab. 
C = compression stress (Maximum). 
T - Tensile stress. 
E tio of — 163 of steel. 
Р = ratio О rea of concrete. 
Then— 
mC _ Ка _ К (1) 
T ^ (1—K)d ` i—K 
But total tension = total compression .', pbdT = C bkd 
i.e.. CK = 2рТ. (2) 


Substituting value of T from equation (т) 


K = ұ (pm? + 2pm) — pm 
The above formule were taken from the R.I.B.A. Report. 


Now the floor slab is only doing its work economically when both steel and 
concrete are stressed to their allowable stresses at the same time—namelv, 600 lb. 
for concrete and 17,000 lb. for steel. If these values are substituted in equation (I) 
we get the correct depth of the Neutral Axis in terms of the depth of the slab. 


mc _ K _ 15 x боо 
T |:—K ^ 17,000 

| К = :346 (3) 

The arm of the stresses—;.e., the distance between the centres of compression 


and tensile stresses—may now be found, and is equal to d(1 —}К)=88464. 
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The ratio of steel to concrete may also be obtained by substituting the values 
in equation (3). 


K = \ (p?m?—a2pm) — pm 
346 = v (15?p? + 2 x 15р) — 15р 
(346 + ISP)? = 225p? + зор (4) 
р = -'oo^1 


This ratio of steel to concrete never varies in an economical slab, and is a fixed 
value. The depth of the N.A. and the arm of the stresses are also fixed. 
The results may now be summarised : 


ratio of steel to concrete = ооб 
depth of М. А. = ‘346d - fixed values. 
stress arm = ‘884d 


The bending moment = area х average stress x arm of stress 


I 
^ = : :88 ——- 
M b х :346d x зоо х :884d x 221 


300 x '884 x "3 ‚6Ъ4? 
2240 


BM 
а = Z 
/ "O41 x b 


and considering 12 in. breadth of slab 


М = 


d - BM (5) 
| '494 
and steel = pbd = 12 х ‘oo61 x d 
= '07324 (6) 
Example. 
Floor, 6 ft. span. Load, 2 cwts. per sq. ft. inclusive. 
Load on 12 іп. strip = 6 x І x 2cwts. = '6 tons 
B.M. sav bs = к. = 5'4 inch tons 
Depth of steel _5 4 = 33 
/ `494 
Steel = '0732 х 33 = "241 Sq. in. 


Say overall depth of slab = 41 in., and steel bars = # in. every 51 іп. 


The extreme simplicity and accuracy of the formule above (relatively) will no 
doubt be recognised by many who have to deal with the design of reinforced concrete. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design, — ED. 


amo desidia aM 
CONCRETE BLOCKS FOR BUILDING PURPOSES. 

ТнЕ adoption of Concrete Building Blocks instead of stone or brick is gradually but 
surely gaining ground in all parts of the world. We illustrate in this number two 
buildings, recentlv com- 
pleted, which have been 
erected throughout with 
blocks made оп the 
" Winget " Concrete 

Block-Making Machine. 
The first illustration 
shows a “ Fire Hall," 
or what we would term 
EN a “Fire Brigade Station," 
at Sedgewick, Alberta, 
Canada. It is not of 
any great size, but а 
most interesting point in 
its erection is that some 
of the blocks were laid 
when the thermometer 
was 20° below zero. 
The building, which was 
then partly completed, 
was saturated with water 
and frozen solid. : The 
work was exposed in 
an unfinished condition 
without a roof during 
all the winter, and the 
blocks are still in perfect 
condition, not being 

damaged in any way. 

To those who know 
the extremely severe 
winter conditions of 
Western Canada, this 
should prove without 
doubt that concrete 
blocks are equal to with. 
standing the effects of 
anv frost likely to be met 
with in the British Isles. 

The illustrations we 
show on pages 142 and 
143 are two views of build- 
ings erected by the Fleet- 
wood Granite Co., Ltd., at Fleetwood. They are also built throughout of blocks made 
on the “ Winget " Machine, and the offices are speciallv designed and equipped 
as а Builders' Merchants' yard and Stone Crushing and Concrete Manufactorv. 

The large block of buildings is 208 ft. in length by about 30 ft. wide. The shed 
adjoining is 60 ft. in length by about 25 ft. wide. 

The large block contains a suite of Offices, Stores and Stable; also Concrete 
Making Shop, with bins to hold crushed granite, and shoots therefrom to load 
railway wagons or carts alongside. 

The buildings present a most agreeable appearance, and have a substantial and 
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FIRE HALL AT SEDGEWICK, ALBERTA, CANADA. 


NEW WORKS IN CONCRETE. (CONCRETE) 


useful look. They have proved most satisfactory to the Company who have 
reected them, and are designed with a view of prov iding a general Builders’ Merchants’ 
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REINFORCED CONCRETE IN THE CONSTRUCTION OF THE 
SHAFTESBURY HALL, PORTSMOUTH. 
Ах interesting example of reinforced concrete construction applied to theatres was 
carried out at Shaftesbury Hall, Portsmouth, where a gallery, erected on the Lock 
Woven Mesh System, was completed about eight months ago at this hall which 
supplied a splendid illustration of the fact that reinforced concrete is well adapted for 
the construction of theatre galleries. The structure was designed by A. E. Tutte, Esq., 
of 58 London Road, Portsmouth, whose report is embodied in this article. 

The gallery is on a sweep, the centre of which is at the curtain line. At the ends of 
the front there are reverse curves to the wall. Thereare 210 tip-up seats arranged with 
two gangways leading straight up to the exits. There are twelve rows of stepping 
with a rise to each of 9 in. and a width of 2 ft. 6 in. At the back, in the two 

отпетз, small raised platforms 12 in. above the landing level provide accommodation 
‘or tour seats each. Greater rise could not be obtained to the stepping as the total 
height in the front of the building was limited by fixed circumstances. Two rein- 
‘orced concrete beams running the whole width of the building, with a clear span of 
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ANOTHER VIEW OF FLEETWOOD GRANITE Co.'s WORKS. 


41 ft., form the main support of the front portion ; and staircase walls, with beams 
ееп same, form the supports at the back. 
dali The portion beyond the front main beam was cantilevered, and the front of the 
E *ry itself was formed with concrete 3 їп. thick, reinforced with. Kahn bars and 
ack Woven Mesh. As soon as the forms were removed, and before the main 
(Nn was struck, the front was ready to receive the fibrous plaster enrichment, 
bookboard, etc. 
. ,.2€ main beams consisted of concrete reinforced with a combination of plain 
n bars, These beams were 34} in. and 36 in. in depth, and 18 in. and 27 in. 
tinted oa DEIN On these a 6-in. slab to the required rake was formed with 
formed u concrete, and while this concrete was green breeze concrete stepping was 
the не е it for the seats. In the gangways intermediate steps were formed of 
| пена Tn this case the necessary wood forms for the risers were wrought 
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and left in position, the top being covered with boarding, as it was felt bv the proprietors 
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that concrete would be cold to the feet, 
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In addition, the wall at the back of the gallery, the walls of the cinematograph 
box, and the steps thereto, up to the level of the floor of the box, were constructed of 
reinforced concrete, and formed practically one monolithic mass with the gallery. 
Above the level the walls were formed with breeze concrete blocks, partly for lightness, 
and partly for speed of erection, and because very great strength was required, and 
the blocks were dry when erected. The whole work was carried out in about six 
weeks, the centering being allowed to stand for four weeks beyond this period while- 
the roof was being put on the building, the walls plastered, and such work carried 
out. As soon as the centering was removed, the underside, including the beams, 
was plastered with cement. 

It surely speaks well for the material that although the gallery has been 
repeatedly loaded to excess there is not a crack in the plaster work. The cost worked 
out cheaper than steel construction after taking into account the filling in with 


REINFORCED CONCRETE GALLERY AT THE SHAFTESBURY HALL, PORTSMOUTH. 


concrete, which would have been necessary in this case for fire-resisting purposes, etc. 
in "nik Is no doubt that with steeper slopes for sighting, as can usually be E ede 
al es and music halls, a combination of beams and cantilevers carried out a 
"orced concrete would form an ideal arrangement at once economical, fire- 
iue, 1 and quickly erected. There is a compactness about the whole thing, from 
à joris employed to the construction itself, which convinces me that there 1s a 

5Т@аї future before the material for this class of work. 
he whole of the reinforced concrete work was carried out by Messrs. James E. 

ozer & Son, of York Street, Westminster. 


REINFORCED CONCRETE BRIDGE AT MOORGATE STREET, 
A REMARK BLACKBURN. | ۴ m 
рача successful test was carried оц от ће 22nd ult., on а repli e vin 
шы bridge over the Leeds and Liverpool Canal at Blackburn. А view of the 
page Structure is shown in the illustration on p. 148, and we also reproduce, on 
9° 147, a drawing showing plan and sections of the bridge. 
F 
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The new structure was erected to replace an existing arch. 


the roadway and the span of the bridge were greatly increased, in order to afford 
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The span is now 4o ft., and the 


ES 
additional facilities to both the road and canal traffic 
width of the roadway 37 ft. between parapets. 
Owing to the situation of the bridge exceptionally heavy loads had to be provided 


and the test consisted of a moving load of not less than 65 tons. 
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REINFORCED CONCRETE BRIDGE АТ MOORGATE STREET, BLACKBURN, 
N The test was made with a 14-ton traction engine drawing an 18-ton 4-wheel bogey 
3 9. IJ, and a 15-ton engine drawing a 32-ton 4- -wheel bogey (No. 2). The test was 
irst made by passing No. 1 engine and bogey over the bridge, the load being 32 tons. 
1 was then left on the bridge, and engine and bogey No. 2 were passed 
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over alongside it, the total load being 65 tons as stated. In neither case was there 
the slightest measurable deflection, and the vibration during the passage of these 
exceptionally heavy loads was practically imperceptible. 

This bridge was designed by the Patent Indented Steel Bar Co., Ltd., and was 
constructed under their supervision by Messrs. F. Mitchell & Sons, contractors, Man- 
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View of Finished Bridge 
REINFORCED CONCRETE BRIDGE АТ MOORGATE STREET, BLACKBURN. 


chester, indented bars being used in the reinforcement throughout. The structure 
affords an interesting example of the advantages of reinforced concrete, as in addition 
to the economy effected, the rise allowed was very slight, only 1 ft. on a span of 
40 ft., owing to the necessity of avoiding interference with the road gradient. It 
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REINFORCED CONCRETE SCREEN ROOF. 


would have been difficult, if not impossible, to construct a bridge in any other material 
which would have given such flat gradients in the roadway, and at the same time 
such headway above the canal. 

The engineer for whom the worx was constructed was Mr. W. Stubbs, 
Assoc.M.Inst.C.E., Engineer to the Corporation of Blackburn, under whose personal 
supervision the test was carried out. There were present at the test: Mr. Jos. 
Fielding, Chairman of Highway Committee; Mr. W. Kenyon, Vice-Chairman of 
Highway Committee, and other gentlemen officially interested. 


SCREEN ROOF AT IMPERIAL COURT, KNIGHTSBRIDGE. 


At the recent opening of the Architects’ Technical Bureau Exhibition, Sir Aston 
Webb in his speech called attention to the great extent to which the field formerly 
filled by the carpenter and joiner had been invaded and occupied by the engineer 
and reinforced concrete specialist. We illustrate an example of such an adaptation of 
carpentry principles by the latter, in the formation of a screen roof 140 ft. in length, 
with two sloping faces, recently completed by the Armoured Tubular Flooring Co., 
Ltd., at Imperial Court, Knightsbridge. where some 250 sq. yds. of such concrete 


deri were constructed with the absence of centering, enabled bv the design adopted 
v this firm. 


Roof in course of construction. 


SCREEN Roor AF TMPERIAL. COURT, KNIGHTSBRIDGE. 


i юле face slope of 75° to Brompton Road and inner slope of 60 were formed of 
E concrete rafters of 6 in. depth laid against centre ridge rail shown, to 
of тайа де and slope, and were uniformly spaced by hollow concrete tubes ; the feet 
ре ае” and their junction at ridge were made good in mass concrete binding all 
slating as shown, slating battens nailed to surface support the usual graduated 
en in This construction is carried by reinforced concrete roof flats of 21 ft. span. 
the Av. common with other flooring throughout this building were constructed upon 
"""Doured Tubular system. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions ts one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required.—ED. 


REINFORCED CONCRETE LOCOMOTIVE COALING STATION 
AT HAYESVILLE, OHIO, U.S.A. 

REINFORCED concrete is an admirable material for locomotive coaling stations. These 
stations must be located on the railway, very often spanning the main line. which 
indicates the suitability of reinforced concrcte, or that, if steel 1s used, it should be 
fireproofed with concrete. Such a station must also withstand the gases from the 
locomotives which stand beneath it. In a concrete station the cost of maintenance 
is for the machincry only, which amounts to about one-quarter to one-third of the 
cost of the entire plant. Moreover, the danger of complete destruction by spontaneous 
combustion, which occurs in storing bituminous coal, especially on account of the 
dead coal left in the corners of the pocket, 1s eliminated ; although the contents of 
the pocket may be consumed, the structure would probably be saved. 

One of the most recent of these stations was built by the J. M. Dodge Co.. Nice- 
town, Pa., U.S.A., for the Norfolk & Western Railroad at Hayesville, Ohio. This 
station spans the main line, and was built without interfering with the traffic. It 
supplies both sand and coal to the engines, and spans five tracks. 

The whole station is supported on four girders spanning a conveyor pit 15 ft. 
wide, through which the conveyor runs, carrying the coal up into the pocket. These 
girders are 2 ft. wide and то ft. deep. Thev are designed as beams, giving 6 ft. 6 in. 
clear headroom from the floor of the convevor tunnel, and carrv the concentrated 
loads of the columns. The construction over the foundation supporting the road- 
bed consists of 85-lb. rails, placed side by side, parallel with the tracks and embedded 
in a 6-in. concrete slab. Under each rail four extra inverted rails are placed. The 
ballast is placed on top of this slab. The whole construction is supported at the 
centre of the pit between convevors by 20-in. 120-10. girder beams, and 8-in. I-beam 
columns. 

The track hoppers are 12 ft. square, spaced 25 ft. 21 in. on centres, and each 
feeds a convevor. 

The pocket is designed for 880 tons of bituminous coal, on the basis of 40 cu. ft. 
per ton. It is made up of slab and buttress construction. The walls are 6 in. thick 
at the top and 13 in. at the bottom, with buttresses 15 ft. on centres. The pocket 
walls are зо ft. bv 75 ft. 6 in. outside and 20 ft. deep, with no ties between top 
and bottom. The upper reaction of the buttresses is taken by a girder, which also 
supports the convevor floor and spans 30 ft. across the pocket between buttresses 
on each side. The floor of the pocket is made of g-in. slabs, supported on longitudinal 
girders 16 in. and 24 in. wide by 59 in. deep, which span 29 ft. over two sets of 
coaling tracks, and bv girders 12 in. and 16 in. wide by 30 in. deep, spanning the 
single dumping track. 

To gain access to the convevor floor a stairway is provided just outside of boiler 
house. The stairway has 8-in. channel sides, with 2-in. oak treads between them, 
and a 1ł-in. handrail. This stairway enters the building at the boiler-house roof. 
and from here, by four succecding flights, reaches the conveyor floor. 

For the convenience of the operator to get into the conveyor pit under hopper 
and tracks a concrete stairs, with carborundum treads, is provided, and leads directly 
down into the pit, between the conveyors, to the engines which operate the feeders 
under the hoppers. 

Casings are provided at the vertical runs of the coal convevor at each end of 
the building. These and side walls of the lantern are made of Hv-rib. plastered 
on each side, and supported on light steelwork. 

All reinforced concrete above foundations was made in the proportions of I part 
cement, 2 parts sand, and 4 parts crushed stone. The following stresses are not 
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exeeded : Concrete in compression, 600 lb. per sq. in. ; steel in tension, 16,000 lb. 
per sq. in ; ratio of modulus of elasticity of concrete to steel, 1 to 12. After test 


REINFORCED CONCRETE LOCOMOTIVE COALING STATION AT HavrEsvILLE, OHIO, U.S.A. 


GKEEGCRGCEGUG & 34 Wu 


borings were made by the railroad company it was found that the soil was of such 
a nature that the loads imposed thereon should not exceed 7,0:0 lb. per sq. ft. 
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Particulars of the work are taken from the Engineering Record, and the illustra- 
tions were kindly placed at our disposal by the Link Belt Co., of Philadelphia, by 


STATION AT HAYESVILLE, Онто, U.S.A. 


View showing interior construction. 


REINFORCED CONCRETE LOCOMOTIVE CoALING 


whom all the machinery for the coaling station was furnished. 
ee eee ee 
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NEW BOOKS 


AT HOME AND ABROAD. 


A short summary of some of the leading books which have appearea during the past year. 


“The Chemistry & Testing of Cement." By 
Cecil H. Desch, D.Sc. 


Published by Edwird Arnold, London. 1911. 10/6 net. 


Coatents.—The History of Calcareous Cements.— 
The Raw Materials and Processes of Manu- 
facture of Cements.—The Chemical Com- 
ponents of Cements.—The Constitution of 
of Cements.—The Setting and Hardening of 
Cements. — The Physical Properties of 
Cements.—The Mechanical Properties of 
Cements.—Concrete and Artificial Stone.— 
The Resistance of Cement апа Concrete to 
Destructive Agents.—The Chemical Analy- 
sis of Cements.—Conclusion.—-Appendix I. : 
The Revised British Standard Specification 
I9IO ; Appendix II. : Chronological Table. 


The manufacture and even the use of Portland 
cement 15 increasingly recognised as a matter for 
the expert chemist rather than the engineer, and 
ter this reason this book is a welcome addition 
to existing literature on the subject, as written 
trom the chemist's point of view. The author 
presents, in compact form, the conclusions 
drawn from the most recent researches on the 
constitution of Portland cement; and in the 
chapter devoted to a consideration of the setting 
and hardening phenomena, adopts Michaclis's 
t oFoidal theorv in preference to that of interlock- 
mng crystals. This chapter, together with that on 
the chemical constitution of cement clinker, is 
perhaps the mest valuable part of the book 
There are also useful chapters on the phvsical 
Properties апа the analvsis of cements, as well 
as On concrete and reinforced concrete, and their 
resistance to destructive agents such as sea- 
Water, fire, and sewer gases. The importance of 
ne grinding is lucidly explained, and, in dis- 
"Using the effects of aeration upon cement, 
We notice that the author's opinion is in agree- 
Шем with Mr. H. K. С. Bamber’s contention, 
recently put before the Institution of Civil 

“Ndincers, that, with modern cement aeration is 
entirely unnecessary. The use of coke-breeze, 
‘lag and slag cements containing sulphides in 
ronerete construction is also touched upon, the 
ae being that Portland cement only is 
ae or reinforced concrete work. In his 
an pen effect of clay in concrete, 
the на, t P the author's conclusion that 
"d nue pe lave matter is harmless, is 
difference " b There. is a considerable 

respective influence on strength 


of dry E ‚ i | 
ЫШ: аугаа of wet clav as it exists in natural 


The book contains some excellent photo- 
micrographs aud other illustrations, is well 
written, and can be confidently recommended. 


Standard Specifications for Structural Steel, 
Timber, Concrete and Reinforced Con- 
crete. By John C. Ostrup, Professor of 
Constructional Engineering, Stevens Insti- 
tute of Technology, M.Am.Soc.C.E., M.Inst C.E. 


Published by McGraw-Hill Book Co.. 239 West 39th 
Street, New York. Loadon Agents — Hill Publ shins 
Co., 6 Bouverie Street, London, Е.С. Price 40 net. 


Contents.—Part I., Steel Framework of Build- 
ings; Part II., Highway Bridges; Part II., 
Railroad Bridges; Part IV., Plate Girders ; 
Part V., Materials and Workmanship ; 
Part VI. Inspection, Painting, and Erec- 
tion; Part VII. Structural Timber; 
Part VIH., Cement; Part IX., Portland 
Cement Concrete ; Part X., Reinforced Con- 
crete. 


There is a tendency in the United States to 
provide standard specifications for all kinds of 
work. We can well understand a standard 
specification for steel and ceinent and the manu- 
facture of concrete, but what American engineers 
call a standard specification for structural work 
is more in the nature of a set of general condi- 
tions for competition in design and tendering. 
Thus, for instance, in the specification, included 
in this book, dealing with the steel framework of 
buildings, it states what shall be considered the 
dead load and what is to be assumed as the 
weight of roof covering, what shall be assumed 
as the weight of purlins and roof trusses, allow- 
ance for snow load and wind pressure, live loads 
and impact stresses, bearing power of piles, 
design of framing and details of design, such as 
spacing of rivets, etc. Indeed, the whole is much 
in the nature of municipal regulations. To archi- 
tects and engineers in England, however, a 
specification could not well be standardised ex- 
cept in respect to materials, for the way we look 
at the matter is that the specification shall be 
a description of the particular work in hand, 
simply instructing the contractor in the work he 
has to do, and the designer gets his information 
for such purposes from various sources, among 
which are aid-books of various kinds. These 
American "specifications " are а sort of cross 
between regulations and the data furnished by 
such books as " Molesworth " and " Hurst " with- 
out giving even the meagre explanations that are 
contained in such pocket-books. In our opinion 
it would be far preferable if the Americans dis- 
carded their great fondness for such. summaries 
of data which they call "standard specifica- 
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tions," and were to put such information in the 
form of detailed reports giving reasons for their 
emphatic statements. We find them allowing 
considerable variation in many respects between 
limits of stress and loads, as, of course, they 
must do where there is such great variabilitv in 
structures. Surelv in such а case it would be 
better to have some little explanation as to how 
one should determine the best value for adop- 
tion in certain circumstances. Such explanatory 
reports, if drafted bv conimittees of experienced 
and able theoreticians, would be very valuable, 
апа of much greater service than such snippv 
documents as these. The specification for 
cement which is included is that of the American 
Societv for Testing Materials, while that for 
Portland cement concrete is the standard adopted 
by the American Railway Engineering and 
Maintenance of Way Association. As, however, 
this was adopted in 1901, it is somewhat out of 
date, and we arc surprised that the author should 
have included it ; it is verv short and not nearlv 
sufficient. For instance, in reference to mixing 
bv machinerv, the adoption of a batch mixer, 
which compels the concrete to. be mixed in 
batches, should be insisted upon. The propor- 
tions are not dealt with, and such items as 
waterproofing and precautions in freezing weather 
are all left in the elemeatary stage. The specifi- 
cation for reinforced concrete is much fuller and 
much better, though it mostly deals with the 
design, and the clauses relating to materials and 
workmanship and inspection could be improved 
upon. 

On the whole, we cannot sav that we are 
much impressed with the book. We do not see 
that it serves anv really valuable purpose. What 
it contains is obtainable from other sources 
within the reach of most of those to whom such 
à book would appeal. Where the specification 
has been drafted by persons of experience and 
some authority it is deserving of consideration, 
but where the specifications have been drafted 
bv the author entirely the dicta of опе man 
cannot carry so much weight. 


Masonry and Reinforced Concrete. Ву 
Walter Loring Webb and W. Herbert 
Gibson, B.S. 


Published by The American School of Corres sondence, 
Chicago. London Agents— Crosby, Lockwood & Son, 
7 Srationers' Hall Court, Ludgate Hill, E.C. Price 
12/6 net. 

Contents г Masonry. and Concreting Matertals.— 
Stonemasonry and Plain Concrete Construe- 
tion. —Reinforced Concrete. 

The number of books on reinforced concrete 
аге becoming fairly numerous, but the latest 
addition to the list, which we now have under 
review, is soniewhat different in form from those 
which have been published before. It. belongs 
to the class of handbooks issued by correspond- 
ence schools, and it has the ordinary advantages 
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and disadvantages of such a method of treat- 
meat. These books are designed to teach the 
student without the aid of the verbal instruction 
of a teacher. They have therefore to be very 
lucid and profuse, and are arranged in such a 
wav that thev cau be divided up into lessons 
fittinz the capacity of the student. The instruc- 
tion is therefore of a piecemeal character, and 
though much useful information is included the 
book cannot be quite so suitable for reference or 
consultation as a complete treatise which can 
be consulted bv advanced students and practi- 
tioners. At the same time it is somewhat difficult 
to teach such a subject to the elementary student. 
and inuch of the advanced knowledge which 
would lead to an adequate understanding of the 
subject has to be omitted. It is here that 
verbal instruction is superior, because the student 
can be more thoroughlv taught and the whole 
relationship of the subject can be kept before 
him. The advantages of the correspondence 
method of teaching is that students can reccive 
instruction. at their convenience and in places 
where thev are precluded from obtaining personal 
instruction, and when they have a good ground- 
ing in building construction and engineering they 
can more readily derive benehit from such books. 
These advantages apply particularly to rein- 
forced concrete, where at present the facilities 
for obtaining personal instruction are small. 

It strikes one as rather strange, until one is 
used to American practice, that this book should 
be called “ Masonry,” because in the United 
States they call both brick, stonework, and 
concrete by that name, whereas we limit that 
term to stone. However, the book is not quite 
what one would suppose from the title, because 
there is not verv much in it about. stonework, 
and still less about brickwork—bv far the greater 
part deals with reinforced concrete. It is a pity 
that this volume should not have been devoted 
to reinforced concrete alone, the other subjects 
being so cursorily dealt with, and we feel that 
the student would have surely preferred to have 
the volume deal with the one subject alone. 

So far as the book goes the subject has been 
dealt with verv well. We are surprised that à 
more obvious notation was not used for the 
calculations. The calculations are very simply 
explained, but we think that elementary students 
will find some little ditheultv in following them 
We are sorry to see the calculations for practical 
service put into the form of tables; it would 
have been better to have arranged them as 
graphs, so allowing more variation. to. meet 
ditferent conditions. The calculation. for shear 
stresses 15 not at all well done, and the student 
of this book could not be trusted to design large 
beams in practice. without more experieace or 
abilitv to prove that he was competent to work 
the thing out for himself. The treatment of 
retaining walls is so old as to be almost useless 


in the practice of designing. The designer is not 
sufficiently catered for, the treatment of the 
subject. generally being more suitable to those 
who desire to have a rudimentary knowledge of 
the manner in which such a structure is made, 
and not for those who wish to design such work. 
The practical notes are much more to the point, 
and would prove a more adequate equipment 
for the superintendent. Of course, such practical 
information is equally important to the designer, 
who, to be efhcient, must be familiar with 
practical conditions. We are rather surprised 
that the book, instead of containing so much 
scrappy information on stone and brickwork, did 
not occupy the available space by including some 
practical notes on plain concrete work. The 
inclusion. of such information would be of far 
more advantage to the purchaser of the book. 
А certain amount of information on this, it is 
true, is included, but it only whets the appetite, 
and in that respect it certainly fulfils its object, 
for it ought to lead the student to go further 
into the matter and to study more complete and 
advanced works. 


Lockwood's Builders’ @ Contractors’ Price 
Book, 1911. 


Pablished by Crosby. 

Price 4/- 

The 191r edition of this book is fully up to 
the standard of its predecessors as a valuable 
book of reference for architects, survevors, and 
builders. During the last vear there has been 
very little change in the building trade, and onlv 
slight variations have taken place in the price of 
building materials. The prices in the various 
tables have been carefullv corrected to accord 
with these variations. А list of London district 
surveyors 15 given, with the revised boundaries 
recently made by the L.C.C. In the appendices 
will be found tables of wages, weights, areas, 
stamp duties, as well as legal notes and memo- 
randa, including recent important judicial deci- 
“ons and Parliamentary enactments. There is 
also a copy of the Workman’s Compensation Act, 
1906, and of the London Building Act, r894. 
with. the various amendments up to 1908. The 
ronerete and reinforced concrete sections are 
dealt with verv briefly, and we do not see whv, 
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in giving the prices for concrete work, it should 
in nearly every case be taken as composed of 
ground lime 1 to 6. This is very seldom used 
now; I to rs Portland cement would be as 
strong and much cheaper. We think this section 
wants revising and bringing up to date. The 
book, with this one exception, is a very useful 
one, and is destined to keep up its reputation. 
as a standard work of its kind. 


Biggar’s Contracting World Directory, 1911. 
Published by Odhams, Ltd., Long Acre, W.C. 
10/6. 

The 191г edition of this directory has just 
been published. The present issue has been 
considerablv enlarged, and includes several new 
features. А useful list of the various con- 
tractors, not onlv in England, but also in America, 
France, and Japan, is given, as well as a guide 
to where contractors’ plant and material may 
be obtained. The reinforced concrete con- 
tractors in England appear in the directory, but 
we find there are several omissions from these. 
The book contains all the district, county, citv, 
and borough engincers, as also the waterworks, 
harbour, and railway engineers. A compendium 
of the public works under construction at the 
present time is also included. 


Price 


Spon’s Architects’ and Bullders’ Pocket 


Book and Diary. 
Published by E. and F. Spon, Ltd., Haymarket, S. W. 
Prices Section, 2/6 ; Memoranda Section, 2/6. 

We have just received a сору of Spon's Archi- 
tects’ and Builders’ Pocket Price Book and Diarv, 
and Pocket Book Memoranda Section. In pre- 
vious vars it his been published as one book 
only, but is now divided into two parts, making 
it very much more convenient as a Pocket 
Reference book. 

To the Price Section has been added a diary, 
and the tables of prices are carefully revised for 


* 1911, although very little alteration has taken 


place in the building trade. 

The Memoranda Section is carefully cross 
referenced, and many useful notes on various 
matters have been added. The books will be 
found most useful to architects and to these 
engaged in the building trades. 


ENQUIRIES. 


ENQUIRY 
COLUMN. 


The name and address of enquirers must always be given, not necessarily for publication. 

The advice given ín reply to enquiries is a matter of personal opinion, and although 
contributed in most cases by experts with special knowledge of the matter in question, it 
must not be considered in the same liaht as if obtained from a Consulting Engineer, 
Architect, or Solicitor, who should always te referred to in important cases, as our 
columns are not intended to do away with the services of the professional experts on 
constructional or legal matters. 

Replies will be sent by post if the enquiries are marked ““ Answers by Post’’ on the 
outside. All other enquiries will be replied to in this column. —ED. 

GRAIN SILOS. 

W. Н. (Auckland): Could you give me any information for making a reinforced 
concrete circular silo for ensilage ? Size of silo, 24 ft. high by то ft. or 12 ft. diameter. 
I propose putting the silo in the ground about то ft. The subsoil is clay. 

Reply.— Unless there is some special reason for doing so, there does not appear 
to be any economy in sinking the silo ro ft. into the ground, as any saving which 
may be effected in the reinforcement of the lower portion by allowing the ground 
pressure to assist in resisting the pressure of the grain inside the bin will be more 
than counterbalanced by the cost of the excavation. 

The main reinforcement should, of course, be circumferential, and in a silo of 
this size should consist of single rings of bars, or of a spiral, the consecutive rings 
being spaced at a distance not more than, say, twice the thickness of the concrete. 
Separate rings are probably preferable to a spiral. 

The reinforcement should be placed in the centre of the concrete, and special 
care should be taken to ensure the portions of concrete on either side of the layer of 
reinforcement being thoroughly united, so that no plane of cleavage is formed. It is 
also essential that the ends of the bars forming the rings should be thoroughly tied 
together by allowing an ample lap, so as to assure transmission of stress. 

With regard to the calculation of the necessary amount of circumferential rein- 
forcement, Airv's formula is the most generally accepted. This is fully set forth in the 
Proceedings of the Institution of Civil Engineers, Vol. CX X XI, 1897, or a full discussion 
of the whole question can be found in "Walls, Bins and Grain Elevators," by Ketchum. 

CONCRETE SEWER PIPES. 

W. M. D. (Vancouver): We have trouble here with a young engineer who claims 
that the acids in sewage often exist in such quantities as to injure the concrete pipes. 
Could you give me any particulars about this ? 

Reply.—An ordinary amount of acids in sewerage has no bad effect, which 
you will see borne out by various articles and papers which have appeared from 
time to time in our journal, and we would refer you particularly to a paper on “ The 
Effects of Sewage and Sewage Gases on Portland Cement Concrete," which appeared 
in our May, 1910, number ; also to an article entitled “ Reinforced Concrete Sewer 
Construction in San Francisco," in July, 1910, and one on “ Concrete Tubes as Sewer 
Pipes," in December, 1909. 

This is further proved bv the fact that there is a reinforced concrete rising main 
in the Paris sewerage system, which has been in use for 17 years now, and which 
was recently examined by a deputation of members from the Concrete Institute. 
Part of the pipe had to be removed to put in a junction, and it was found on inspection 
that the steel was not corroded, and that the concrete was in excellent condition. 
There are numerous plain concrete pipes that have been used for many years for 
sewers, and no trouble has been experienced. 
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Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome. —ED. 


Reinforced Concrete Sleepers on the London & North Western Raiiway.—About 
a quarter of a mile of the London & North Western Railway Company's “ up" line 
immediately north of Pinner Station has been laid with sleepers formed of reinforced 
concrete, These sleepers are placed somewhat closer together than those made of 
timber, and, except where the chairs are placed, they are of smaller section. It is 
understood that if the experiment shows satisfactory results, the use of concrete for 
the purpose will be extended. The companv have alreadv had steel sleepers under 
trial, but the experience gained with them was not encouraging as it was found that 
they tended to make the track far more noisy when under traffic. | 


Belfast Sewage Disposal. —With a view to providing employment and expediting 
necessary works in connection with the purification of sewage, the Belfast Town 
Council have authorised the construction of a reinforced concrete channel between 
the sedimentation tanks at an estimated cost of £1,010. 


Reinforced Concrete Bridge at Rainham.— The Essex County Highways Com- 
mittee have passed plans for the erection of a new bridge on the borders of Rainham 
and Wennington to take the place of the old South Hall Bridge. The new bridge, 


which is to be constructed in reinforced concrete, will be 27 ft. wide, and will cost 
about £750. 


Bridge at Ickenham.— Тһе Uxbridge R.D.C. have resolved to proceed with 
the reconstruction in reinforced concrete of the bridge over the River Pinn. 


Convention of the American National Association of Cement Users.—The 
seventh annual convention of this Association was held in New York in December 
last. The attendance was large, a number of delegates from foreign concrete societies 
were present, and visits were paid to different interesting concrete works in progress 
in New York and its neighbourhood. At the business meeting, held on December 12th, 
Mr. Richard L. Humphrey was re-elected President of the Association. The papers 
presented were of a high character. 

At the conclusion of the Convention a resolution was adopted that the work of 

the Association in encouraging the construction of fireproof buildings and adopting 
proper safeguards to protect property and life from fire hazards be called to the 
attention of the officials of building departments with a view to the adoption bv 
them of the standard specifications of the Association applicable to their particular 
work. 
| A report of the committee on concrete and reinforced concrete was presented. 
The committee pointed out, as it did last year, the advisability of having tests of 
full-size panels, and stated that it was desirous of co-operating with engineers, archi- 
tects, and building departments in making such tests on completed structures. 

Association of American Гог апа Cement Manufacturers, — his Association 


held its annual meeting in New York from December 12th to r4th, when a number 
ot papers and reports were read, among these being '' The Unification of Government 
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Specifications for Cement," by J. E. Howard; " The Use and Results of the Air 
Separator as Applied to Cement.” bv Oscar Pfeiffer; and a ‘‘ Summary of the Pro- 
ceedings of the German Portland Cement Manufacturers.” 


Canadian Cement and Concrete Association.—The convention and cement 
show of this Association, which it was originally intended to hold in Januarv, will 
take place in the St. Lawrence Arena, Toronto, from March 6th to March 11th next. 
А number of interesting papers will be read, and a large and influential attendance 
is anticipated. The Secretary of the Association is now Mr. William Snaith, and the 
offices are at 57 Adelaide Street, East Toronto. 


Institution of Civil Engineers: Students’ Meeting.—At a students’ mecting 
held at the Institution of Civil Engineers in December last, Mr. С. S. Mcik, 
M.Inst.C.E., in the chair, Mr. R. N. Mirza read a paper on “ Calculation of the Most 
Economical Ratio of Steel in Reinforced Concrete Beams and Slabs." The author, 
basing his calculations upon the usual stresses of 600 and 17,000 lb. per sq. in. in the 
concrete and steel respectively. evolved a formula from which could be estimated the 
total cost of a structure, having given the ratio of cost of concrete and steel per unit. 
The paper was supplemented by curves drawn to show the varying cost of the structure 
with different percentages of reinforcement, and the most economical ratio for practical 
use. The paper was followed by a good discussion, the chairman in his remarks 
drawing attention to the greater rcliability of steel compared with concrete and the 
proportionately higher factor of safety required in the latter material. The following 
students spoke : Messrs. E. F. Hunt, G. F. Walton, G. A. Clark, H. J. Gourlev. and 
A. J. Hart. 


The National Gallery Extensions.—' hc extension to the National Gallery, 
part of which we described at length in our issue of September, 1909, is about to be 
-opened to the public. The extension consists of three rooms on the ground floor, 
and four galleries and a circular dome gallerv on the first floor. The roof consists in 
-cach case of arched girders in reinforced concrete, finished with fibrous plaster and 
panelled with wired glass. Reinforced concrete on the Kalin system was used to 
secure fire resistance. All the older galleries are to be reconstructed in a similar way. 


Recovering Cement from '* Empty '' Cement Sacks.— An interesting investiga- 
tion has recently been conducted by the Aberthaw Construction Co., of Boston, 
Mass., relative to the economv of treating empty cement sacks to recover cement 
adhering to them before bundling for return shipment. Instructions were sent to 
a number of jobs to have the man who was bundling the bags stretch each one over 
two sticks, mouth down, and then beat well. The cement was collected in a box. 
A careful account was kept of the number of bags shaken, the amount of cement 
saved, and the amount of the man's wages. Strength tests were made on the recovered 
strength, as it was probable that dirt or other foreign substances might be mixed 
with same. The total number of bags reported was 7.598; the amount of cement 
saved 4,130 lb. The cost of shaking. bundling. and tagging the above bags was 
$22.44 (£4 13s. 8d.), or about one-third morc than the average cost of bundling and 
tagging without shaking. Hence the nct cost of the cement saved was $7.48 (£1 115.). 

Comparative tests were made of the tensile strength of the shakings and of fresh 
ccment from the same lots. Ап average of these tests showed a loss of 59 per cent. 
in strength after a 24-hr. set, but a loss of only 354 per cent. after a 7-day set. On 
the basis of this last figure, the 4,130 lb. of shaken cement is equivalent to 2,664 Ib. 
of fresh cement. At 380 lb. to the barrel there was an equivalent of seven barrels 
of fresh cement recovered. The avcrage price. paid. for cement on these jobs was 
$1.41, so the value of the recovered cement was $0.87 (£2 15. та.) 

There is a further consideration, however, and that is the saving in freight on the 
cement shaken from the bags. The average freight paid for returning the bags from 
these jobs was 24 cents per 100 lb., which would amount to $10.01 on 4,130 lb. The 
total net amount saved is consequently $13.30 (Z2 15s. 6d.). 


Concrete Telegraph Poles at Niagara Falls.—Concrete tclegraph poles 17} ft. 
high above the roof have been erected on one of the buildings of the United States 


158 


z AT | MEMORANDA. 


Aluminium Co., at Niagara Falls. They are 16 in. square at the base, 10 in. square 
at the top, and are reinforced with eight }-іп. bars bound with ]-in. hoops 18 in. 
centre to centre. At a height of 53 ft. above the roof and 4 ft. above the parapet 
they аге braced bv three struts, two parallel to the building wall and on? backward, 
all of them anchored to the roof by four 3-in. bolts 2 ft. long. The struts are 12 ia. 


square reinforced with four l-in. bars and j54-in. hoops 18 in. on centres.—The 
Engineer. 


A Concrete-Lined Ash-Bin.—I\t was necessary to provide a fireproof lining for 
a wooden ash-bin for the National Sugar Refining Co., of New Yorx, as the quenche:l 
ashes are delivered to the bin steaming from the boilers, and are often still steaming 
when delivered to the barges alongside. It was propose to use steel plates for this 
purpose, but the designer objected to the use of steel, because in his experience with 
steel coal-bins the moisture and sulphur, which coal usually contains when stored, 
had proved very destructive. As there is no way of drying the coal after it is stored, 
moisture accumulated, especially in the dust in the lower part of the bin. The 
steel was so badly corroded that in three or four years holes appeared which it was 
extremely difficult to repair. It was believed that the hot, wet ashes would be even 
more destructive, and it was finally decided to provide for them a concrete lining 
about 4 in. thick on all exposed surfaces of the bin. 

The inner surfaces of the inclined bottom and vertical walls of the bin were 
furred with r-in. wooden strips well nailed and covered with a continuous sheet of 
expanded metal of rather small mesh thoroughly secured with numerous staples. 
The concrete, made rather wet in І: 2: 4 proportions of Portland cemont, san 1, 
and screenings, was placed on the inclined bottom without forms, and the upper 
surface was trowelled smooth. 

On the vertical walls forms were made of §-in. vellow pine tongue and groove 
flooring with the planed side inward. The horizontal boards making the forms were 
nailed together in panels with outside transverse batten strips projecting a few inches 
bevond both the upper and lower edges of the board to form cleats engaging the 
adjacent panels above and below. They were bolted to the walls of the bin by 3-in. 
bolts passing through the battens about 4 ft. apart. The projecting cleats and the 
spacing blocks against which the panels were bolted served to maintain them accu- 
rately in position, so that when they were stripped the face of the concrete was left 
very smooth and regular. 

The work was done from a suspended inside platform. and the concrete was 
thoroughly worked bv tamping bars. 

The bin was designed and built by Mr. W. J. Haskins, 50 Church Street, New 
York, and the lining is now in excellent condition after having been five vears in 
service.— Engineering Record. 


Reinforced Concrete at Strasburg Cathedral. — Wc hear that this famous 
Cathedral is in a dangerous condition. The report issued bv a special commission 
points out that the pressure on the foundation walls of the tower has been nine times 
in excess of what the ground should actuallv sustain, and that unless measures arc 
soon taken to strengthen the same, great damage is likely soon to occur. The main 
pillar at the north end of the Cathedral also shows great cracks. It is proposed to 
rebuild a part of the Cathedral with reinforced concrete piles and pillars —reinforced 
concrete being the onlv material that, in the opinion of the commission, will save 
this ancient edifice from complete destruction. 


Concrete Coast Defences.—" Recent tests at Sandy Hook of the resisting power 
of reinforced concrete as a defence against high-powered projectiles confirm the 
calculations of the penetrating power of the 12-in. gun. 

А concrete wall 20 ft. thick, heavily reinforced with steel beams, was pierced by 
a 12-10. projectile fired at high velocity. The blow delivered was sufficient to penetrate 
+2 in. of armour-plate, and the reinforced concrete withstood the attacks so well that 
It will probably be used in the construction of the new coast defence fortifications 
in the Philippines. A similar attack is to be made with the 14-in. gun." 
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THE BRITISH STEEL PILING COMPANY 


Te._ecaanms; се 
OPASTA TANER A.L,A.B.C. 4** & 57" EovrioNs 
CENTUAY,.WESTEAN Union, 


TELEPHONES 


gLicocans, IRONSCAAP, 
NAT.1414 AVENUE. 


PILE DRIVING EQUIPMENT, 
COLLAPSIBLE STEEL CENTERING. 


Dock HousE, BiLLITER STREET, 


LONDON, E.C. 1st.,November, 1910. 


Dear Sirs, 


May we draw your attention to our specialities, 
namely ~ Steel Sheet Piling, Pile Driving Equipments of all kinds, 
and the Blaw system of Collapsible Steel Centering. 

Our "Universal" Joist Steel Sheet Piling is the most 
practical Piling ever produced, consisting of British Standard 
Joists in conjunction with an Interlocking member formed of a Joist 
having flanges turned over, the two being assembled together at the 
Works and driven as one. 1% possesses greater strength than апу 
other Piling, is practically watertight, is easily driven and with- 
drawn, and can be used repeatedly, whilst the Joiats have a high 
salvage value when finished with as Piling for building or other 
purposes. It is used by the British and Colonial Governments, and 
the principal Contractors at Home and Abroad; thousands of tons 
have been already used with great success, whilst the price is 
moderate, 

We make Pile Driving Equipments of all kinds, namely - 
Direct Acting Steam Pile Drivers, Steam, Electric and Petrol driven 
Friction Winches. Our Plant embodies all the latest improvements, 
whilst the workmanship and materials are of the very highest quality. 

The Blaw system of Collapsible Steel Centering is for 
the construction of Concrete, Brick or Reinforced Concrete sewers, 
conduits, culverts of all kinds; it is made in all sizes from 1ft. 
to 40 ft. diameter. It effects an enormous saving in this class of 
work, ав no repairs or renewals are required; the Centers can be 
handled in much less time than timber by unskilled labour, whilst 
а much finer finish to the concrete is obtained. For use in the 
United Kingdom we let them on lease at a cost absolutely under that 
of building timber centers, whilst for Export we sell outright. 

May we send you our catalogues, you will find them 
interesting even if you have no requirements in tnis direction at 
the moment. 


Yours uir 
R STEEL PILING со., 


dict. H.T.G.-T.C. А 


Manager. 
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CORRESPONDENCE. 
I2 KiNG's PARADE, CAMBRIDGE, 
January 11th, 1911. 

DEAR Sır, —Will you be so kind as to extend the hospitality of your correspond- 
ence column to me for a few remarks on M. Maurice Béhar's article in your issue 
for January ? Then let me go on, for I fear I cannot agree with his conclusions. 

M. Béhar says: “ If we consider Fig. 3 . . . we have two efforts starting from 
the point A. . . . The resultant force acting in a downward direction has a tendency 
to shear the concrete, so that the bars, which are placed in a normal direction to 
this force, have a tendency to be sheared through." Now I maintain that one 
cannot treat the subject in this way. If there be a shear force from right to left, 
as shown in Fig. 3 of the article, there is an equal shear force perpendicular thereto, 
which seems to have been entirely neglected. Would M. Béhar take the resultant 
of these and say it acts vertically ? Then there is an equal horizontal shearing force, 
and we arrive whence we set out. We must deal with principal stresses, and on 
the neutral axis these are, in fact, inclined at 45? to the axis, for here the stress 


Diagram showing direction of principal stresses for half a beam. The full curves 
show the greater and the dotted the lesser principal stresses. 


due to bending is zero. At any point in the beam we have two principal stresses, 
P and О (P> 0), which are normal and not tangential actions. Now the ultimate 
resistance of concrete in shear is greater than its ultimate resistance in tension. Hence, 
as soon as thc greatest principal stress, P, reaches the ultimate tensile strength of 
the concrete, the material will develop a split at right angles to the line of action 
of P, and it has been shown that this is what happens. The concrete yields by tension. 
The direction of P is approximately the direction of the reinforcing bars in the neigh- 
bourhood of the supports, and these are in tension. 
Yours faithfully, JouN Case, В.А. 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


TRADE NOTICES, CATALOGUES, ETC. 


The British Steel Piling Co., of Dock House, Billiter Strect, E.C., have sent 
us а copy of their latest pamphlet dealing with their “ Universal Joist Steel Sheet 
Piling." Their other manufactures will be dealt with separately in different cata- 
logues at a later date. 

One of the special advantages of the Company’s standard joist, which has a 
flange of 5 in. wide, is that by using a series of these joists any desired space may be 
made up. All the joists can be used with the same interlocking clutch, so that the 
piling can be strengthened, if necessary, at any particular spot by putting in at that 
point joists with the flanges closer together, 
and consequently greater lateral strength 
can be obtained. Although each pile consists 
of two members—a joist and a clutch—they 
are driven as one, the clutch being run on 
the joist before driving. 

Full instructions are given in the 


sa pamphlet for driving and withdrawing the 
SECTION or UNIVERSAL Joist’ STEEL SHEET piles, as well as sizes and weights of the 
PILING. various joists; particulars of fishplating 


SER (which is sometimes necessary when the piles 
are driven in short lengths); corners which are supplied bent to any angle, and junctions. 
There arc good illustrations of different examples of recent applications of the 
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Company’s piling, two showing it in use at the new naval base at Rosyth, and one 
showing the piling in use for coast protection work near Walmer, and it has also been 
employed for similar work by the War Department for the repairs to Haslar Wall at 
Portsmouth. 

The pamphlet is got up very artistically, and is well printed and illustrated. 
It has also, we understand, been published in French and Spanish. 

Messrs. Drew-Bear Perks & Co., Ltd., have recently issued a booklet entitled 
““ Steel Construction," which gives in a very neat and handy form а list of tables and 
formule comprising the properties, working stresses, safe loads, etc., on different 
sections of steel joists, girders, columns, and stanchions, and which should be of use 
to architects, engineers, and all those connected with steel construction in any form. 
Most of the load tables have been calculated in accordance with the requirements 
of the London Building Act Amendment, 1909. 

The booklet contains numerous reproductions from photographs of contracts 
carried out by this firm, including the steelwor’ for a large number of theatres ; 
also for race-stands, bridges, warehouses, etc., which give an idea of the variety of 
the work undertaken by Messrs. Drew-Bear Perks. 

Altogether it is a verv convenient little reference book on steel construction, 
and the sheets of memoranda as to weights and measurements should also be useful. 

The British RuEber Manufacturing Co. have sent us particulars of their '' Slip- 
knot ” belt and rope preservative, which should be very useful to all power users, 
for, as the name implies, it prevents slipping of belts and ropes, and therefore increases 
the power very materially. It is non-inflammable, and penetrates to the fibre of the 
belt without stickiness. The manufacturers claim that “ Slipknot," which is made 
of a solution of rubber mixed with certain preservative compounds, gives the greatest 
possible adhesive power, permanently cures belt slipping, and greatly improves the 
condition of belts and ropes by rendering them elastic, pliable, and tenacious. It 
also protects all metal ropes from oxidation, rust, and corrosion. 

As the quality of this preparation cannot well be explained in print, the manu- 
facturers are prepared to send samples on approval to anyone desiring same. The 
address of the Company is 8 & 9 South Parade, Manchester. 


эс BRITISH с: 
IMPROVED CONSTRUCTION CO., LD. 


TELEPHONE : 4067 VICTORIA. TELEGRAMS: " BicoscRETE, LoNDoN."' 


47 VICTORIA STREET, WES1 MINSTER. 


Flat-hased Concrete Pipes 


Three feet long to Nine feet long. 


Breeze Partitions Porous Pipes 


Reinforced Sleepers Concrete Beams 


Telegraph Poles Hollow Floors 


SPECIALITY :—INVENTORS’ DESIGNS CARRIED OUT TO ORDER. 
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CONSTRUCTIONAL ENGINEERING 


Volume VI. No. 3. LONDON, MARCH, 1911. 


EDITORIAL NOTES. 


THE PROPOSED LONDON COUNTY COUNCIL REGULATIONS 
FOR REINFORCED CONCRETE. 


UR ‘comments on the fact that the views of the Royal Institute of 

British Architects could not be considered friendly to the London County 

Council have been freely commented upon. They were occasioned by 
the Conference called by that body to consider the London County Council's 
Draft Regulations on Reinforced Concrete. 

Whilst a number of our correspondents agree with us, several consider our 
strictures uncalled for. 

It is not our intention to enter into any controversy on such a question, 
nor do we hold a brief for the Superintending Architect. But for those who do 
not agree with our view, we would recall the antagonism of the leading members 
of the Institute and their friends in the Conferences of 1909, when certain Building 
Act Amendments were under consideration, and we would also point to their 
evidence before the House of Commons Committee which considered those 
amendments. Mr. Searles-Wood, a member of the Institute, was, we believe, the 
Only member of the current Conference on the regulations who assisted 
Mr. Riley by giving evidence in the interests of the London County Council. 
Messrs. Hall and Dunn, of the Institute, were actively engaged in combating 
the Superintending Architect, and Sir A. Stenning, of the Surveyors’ Institu- 
tion, assisted them. The Institute of Builders and the London Master 

ulders’ Association also opposed quite energetically. 

Now the current Conference on the Regulations on Reinforced Concrete 
comprises the representatives of the Royal Institute of British Architects, the 
“Urvevors’ Institution, the London Master Builders’ Association, and the Institute 
of Builders, together twelve representatives (including Mr. Hall as Chairman), 
Whilst the other two bodies sending delegates are the Concrete Institute, with 
two deputies, and the District Surveyors’ Association, with three—the first- 
Named institute, we should add, also having opposed the London County Council 
I 1999, Thus, on the face of it, it will be seen that, but for the District 
Surveyors, the current Conference could scarcely be termed one friendly to the 

-ondon County Council, but much less so if the history and details of the 1909 
controversy be remembered. 

At conferences such as the current one, each delegate must naturally act 
loyally on behalf of the society he represents ; but, nevertheless, it is to be hoped 
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that this will not be done blindly. Of course, the position of the members is 
somewhat anomalous, for whilst each delegate specifically represents a special 
body, ten out of the eighteen members are Fellows or Associates of the Roval 
Institute of British Architects, and nearly half are members of the Concrete 
Institute. 

We hold—as we have indicated before—that this is a case of primary interest 
to the Concrete Institute, and that the latter body is strong enough and sufficiently 
representative to act entirely on its own. The Concrete Institute should assist 
the County Council in every way to improve the proposed regulations, and not 
take part—either actively or latently—in any general opposition to the principles 
laid down in the London County Council draft. 

Such general opposition may be conducted diplomatically, and the resolu- 
tions arrived at framed in courteous language ; but it may be none the less of an 
aggressive, not to say virulent, character in reality. We fail to see what 
advantage those concerned in the design and in the practice of reinforced concrete 
will gain by co-operation with those who are opposed in principle to the general 
measure which gave the London County Council the necessary powers to frame 
regulations which, no matter if framed somewhat more strictly than the opponents 
desire to see, must in any case in time materially facilitate the execution of 
sound reinforced concrete work, and obtain from the man in the street that 
general feeling of confidence for the new material which is still somewhat lacking. 


Below we give the constitution of the Conference, and we indicate the 
Fellows and Associates of the Royal Institute of British Architects, the Fellows 
of the Surveyors' Institution, and the Members of the Concrete Institute with 
the usual initials. 


Roval Institute of British Architects. 
Edwin T. Hall, V.P.R.I.B.A., Chairman. 
W'm. Dunn. F.R.I.B.A., M.C.I. 
H. D. Searles- Wood, F.R.1.B.A., M.C.I.. Hon. Sec. 


Institute of Builders. 


F. Higgs. G. B. Godson. 
London Master Builders? Association. 
Thomas Holloway. William King, M.C.I. 


Frank May, J.P., M.C.I. 


Concrete Institute. 
Charles Marsh, M.Inst.C.E., М.С. 1. B. Shore, M.C I. 


Surveyors’ Institution. 
sir Alex. Stenning, F.R.I.B.A., Past President Surveyors’ Inst. 
Howard Chatfeild Clarke, F.R.I.B.A., F.S.I. 
E. B. Anson, F.R.I.B.A,, F.S I. 
Percival Currey, F.R.I.B.A., F.S I. 
Edward Dru Drury, F.R.I.B.^., F.S.]., M.C.I. 


District Surveyors’ Association. 
Bernard Dicksee, F.R.I.B.A. 
Wilfrid Hardcastle, F.R.I.B.A., M.C.I. F. A. Perkins. 


As to the views of the Conference, we understand that it was pointed out 


that the Report of the Joint Committee on Reinforced Concrete issued by the 
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Royal Institute of British Architects required revision owing to the progress of 
knowledge and experience, and that the Reinforced Concrete Committee is again 
sitting to consider what alterations are desirable. 


The Conference, it is stated, was of opinion that it would be best still to use 
the methods of calculation given in the Report of the Royal Institute of British 
Architects on Reinforced Concrete, or subsequent reports made by the same 
bodv, and not to introduce formule into regulations, which would tend to 


stereotvpe these particular formule and hinder the development of new modes 
of construction. 


These views, couched in diplomatic language. mean that the Conference 
does not like the draft regulations, and wish to see something else provided, but in 
actuality they mean that certain members of the Conference are opposing the 
draft regulations by all the means at their disposal. 


As we have indicated before, we hold that, broadly speaking, the proposed 
-egulations, as originally drafted by the London County Council, would be 
workable, subject to the correction of some obvious errors, the strengthening of 
the clauses on fire protection, and a suitable provision for coke breeze. We trust 
the Superintending Architect will maintain the position originally taken up, and 
that he will be able to convince the Local Government Board, which has to 
approve of the regulations, that his views are both practical and politic. 


REINFORCED CONCRETE SPECIALISTS AND ARCHITECTS. 


THE paper, which was read recently before the Concrete Institute on the subject 
ot" Competitive Designs and Tenders for Reinforced Concrete Work," a summary 
of which we publish on page 212, concerns a vexed question. To the firms engaged 
In the work such matters are regarded more or less in the light of the fortune of 
war when business is brisk ; vet, for all that, the disadvantages remain, and it is 
as well to examine the subject in detail to see if a remedy cannot be effected. 
We suppose those who are specially concerned do not care to speak quite openly 
and plainly about the matter, and Mr. R. W. Vawdrey, the author of the paper 
In question, skates very nicely over thin ice ; we propose, however, to break it, 
and see 1; we cannot reach the other shore by a different form of transit. 

The crux of the matter lies in the question of payment. The specialist 
fims in the reinforced concrete industry do not care much how it is done as long 
as thev are paid for their work, but they also do occasionally drop a hint that 
thev feel there is another aspect that ought to be studied. Various means of 
curing the payment for their work have been adopted, and it does not very 
much matter to these firms, apparently, whether they get it in the form of com- 
mission on the cost, as a royalty on a patent, or as profit on the sale of a special 
article, and it does not apparently matter to them whether they get the com- 
mission from the architect, the building owner, or the contractor. Of course, 
if they are paid on commission or royalty, they may receive payment from any one 
of the three: if they get it as a profit on a patented article they get it from 
the contractor, That they are going to get paid for the work they do stands to 
reason, and if they have to do a lot of duplicate work by reason of considerable 
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competition on the majority of jobs, then that duplication has to be paid for by 
a larger commission, royalty, or profit than would be otherwise required. 

Now, if all the designs are being prepared with fairly equal knowledge and 
ability, this competition, by causing unnecessary duplication results in the develop- 
ment of reinforced concrete being retarded. It is an economical form of con- 
struction, and the more economical it is made—that is to say, the cheaper it is— 
the more will it be employed.  To-dav the knowledge of the subject among 
specialists is generallv sufficient to render the larger part of the competitive 
designing useless, therefore it is hampering the industry, and it would be to the 
advantage of the firms if it could be eliminated. 


PAYMENT OF THE ARCHITECT OR CONSULTING ENGINEER. 

Here comes the difficulty, however, because the payment of the architect 
or the consulting engineer enters into the problem. They are paid in general, 
we may say, 5 per cent. commission on the total cost of the work ; when the 
building owner engages an architect or engineer, he appears to expect that the 
whole work will be designed in detail by either, and that he will simplv have to 
pay 5 per cent. for all professional assistance. He has, however, been made to 
understand that there is such a person as a quantity surveyor, whom it would 
be desirable to employ, because if every builder has to take out his own quantities 
he will not get such close tendering nor such a close price. While the architect 
or engineer does not mind telling him that 5 per cent. is not sufficient to cover 
the cost of taking out the quantities, when it comes to the employment of specialists 
in connection with various parts of the building he is a little diffident about 
suggesting to the client that other professional men should be emploved. The 
client has been so far led to think that an architect or consulting engineer ought 
to know everything about the construction, and should do it for one fixed com- 
mission. Well, the solution appears to us to lie in disabusing his mind of the 
idea, for, until that is done and the specialist designer is placed on an equal 
footing as an independent professiona] man, the position of the specialist can never 
be satisfactory. Clients should be educated to understand that they are engaging 
an architect to look after their interests in a general way, and in particular to 
attend to the artistic and decorative side of the structure ; or in the case of the 
ordinary consulting engineer they should look upon him as their general repre- 
sentative, who devises the general lay-out of the scheme and likewise details the 
ordinary construction. It should be emphasised that general practitioners have 
their place in the scale of things, and that modern civilisation and science have 
so advanced that a man cannot be a general practitioner and a specialist in 
everv branch at the same time. 

As to whether 5 per cent. is excessive commission on a large-sized job is quite 
another matter. We know that on large national buildings our Government have 
cut down the architect’s commission, and that in the United States, due to the 
country being much bigger and there being many more buildings of great magni- 
tude, there are special firms of architects who retain a staff of specialists and are 
able to offer to do the whole of the work for an inclusive commission of 5 per 
cent. Such firms have built up a reputation, and they get plenty of work, so 
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that thev are quite satisfied. Ап architect or engineer who gets a big job can 
айога to engage specialist designers and pay them out of his commission, but the 
majority of work in this country is so small, or else the quantity that one man 
gets is so little, that he cannot afford to give anything away to another profes- 
sional man ; consequently, he expects to get specialist information in some round- 
about wav, and the specialists have come up to his expectations. 


PAYMBNT OF SPECIALIST DESIGNER. 

The only way the specialist designer can get paid is to be associated with 
trade, and, though that may be a very good thing up to a point, it must often 
be a disadvantage after an industry has begun to settle down. Association with 
trade certainly leads to the close study of means of securing maximum economy, 
but it also leads to troubles, which Mr. Vawdrey has pointed out— namely, in the 
takinz of risks and the excessive cutting in both the design and the execution 
—and, of course, there is the wastage by duplication. Difficulties begin to arise 
as soon as the architect or engineer requires the designer to be remunerated bv 
way of trade. Firstly, the designer has often to sacrifice efficiency to cheapness. 
secondly, if the specialist is a designer and not a contractor, but works with 
licensed contractors who pay him his commission on the cost of the work, he is 
inclined to lean unduly towards the contractor, and the architect and engineer 
inust naturallv feel a little nervous as to his professional conduct when so closely 
associated with trade. The result is that there is a disinclination to give jobs to 
firms of specialist designers who work in this way without competition, because 
then there would be a risk of their getting excessive commission. This, perhaps, 
is the reason why some firms say boldly, we do not ask for work to be given us 
without competition, for we are prepared to give a price and a design and carry 
out the work completelv. Оп the other hand, there are firms who sell special 
articles such as patent bars, who think their method of securing remuneration 
will appeal to professional men more than either of the foregoing methods ; but 
thev, in turn, have to face the difficulty of satisfying the architect that, if he 
specifies their specialities without obtaining competitive tenders and without 
ап undertaking that these specialities will be supplied at a fixed price, an ex- 
cessive amount of their specialities will not be worked into the design. 

Architects and engineers often call for most elaborate and detailed estimates 
when a job is in the preliminary stages, instead of putting the firms to that trouble 
only when everything else is settled. If they needed a rough preliminary idea 
of the cost, they could get it from one specialist without his going to too much 
trouble. When competitive tenders are finally asked for, every information 
regarding the exact conditions should be given and plenty of time should be 
franted ; one often sees and hears of ridiculous demands being made for a price 
for a large structure, upon which an architect mav have been engaged for months, 
to be sent by return of post. 

One of the speakers in the discussion expressed the opinion that reinforced 
Concrete specialists were specialists mainly for their own specialities. There is, 
of course, that danger, to which we referred above, of the specialist working in 
an excessive amount of his own specialities into his designs ; but, on the other 
hand, where there is competition, it is the object of such firms to cut down the 
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work in every direction to the lowest possible limit, and such specialists have 
performed a good service, as do all enthusiasts, by emphasising the importance 
of certain aspects in the problems of reinforced concrete desien, and their bias 
has been advantageous and exeusable. 

Of course, it is natural that in time the architectural and engineering pro- 
fessions will gain increasing knowledge of the subject generally, aud in simple 
cases work will be designed by the ordinary practitioner using ordinary com- 
mercial sections without the aid of a specialist, and in a few years the specialities 
which have real advantages will become ordinary sections obtainable from any 
steel manufacturer because the patents will have run out. Doubtless in time the 
architectural and engineering professions will come to realise that there are very 
few svstems that have any material differences, and that the solutions that would 
be offered to any problem by most of the competitive specialist designers would 
differ very little from each other. 

Reinforced concrete design is not so simple that in complicated cases the 
specialist can be done without. The probability is that we shall before long 
find specialist designers dissociated from trade, and few firms required to 
design as well as contract for the execution. The abuses will not be so fre- 
quent then, But the building owner must be led to realise that the architect 
is generally not paid sufficient to employ specialists out of his 5 per cent. 
commission. 
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REINFORCED CONCRETE 
JETTY AND WORKS AT 
DAGENHAM DOCK. 


The following account of the Reinforced Concrete at the Thames Ironworks’ Jetty at 
Dagenham Dock, as well as the various concrete block buildings in connection therewith, 
should be of interest to our readers. —ED. 


APART from the nature of the work, considerable general interest attaches to the 
illustrations and particulars we publish herewith of the jetty which has just been 
completed for the Thames Ironworks & Shipbuilding Co., Ltd., at Dagenham 
Dock, Essex, for it will be recollected that after some years the Thames Ironworks 
Co. obtained the contract for building a battleship for the Royal Navy and 
H.M.S. " Thunderer " was launched therefrom on February rst last. 

Since this company built battleships, some years before, considerable advance 
has been made in the size and intricacy of the largest vessels of the Fleet, and 
consequently it was necessary to execute extensive constructional works to fit 
the yards for building a super-‘‘ Dreadnought.” 

The part of the work with which we are specially concerned is the jetty 
that has been constructed to provide accommodation for the hull after it is 
launched, and while it is being fitted out with its interior construction and 
machinery. 

_ This jetty is constructed in reinforced concrete throughout, the plan and 
elevation on page 170 showing the general arrangement. The depth of water at 
T.L.W. in front of the jetty is 31 ft., and the piles were driven to refusal about 
8 ft. deep in a compact bed of ballast which lies below this. 

The jettv is designed to carry railway wagons on bogevs weighing 30 tons 
With loads of 30 tons of armour plate in each, so that the wagons were assumed 
to weigh as much as бо tons each. Owing to the height of the tide, in the view 
of the jetty shown in our frontispiece the lower bracing is not visible, but the 
elevation on page 170 shows the points at which the jettv was braced in deep 
Water. The construction of this jettv was very speedy, the pile driving being 
commenced on March 4th, 1910, and the whole of the work completed by 
November roth last. 

The whole of the work was executed by Messrs. Samuel Williams & Sons, 
Ltd., of Dagenham Dock, and was designed by Mr. A. E. Williams, 
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Assoc.M.Inst.C.E., M.I.Mech.E., of that firm, on his patent system of 
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reinforced concrete, the distinctive feature of which is the Williams pile, 
which is illustrated on page 171. 
170 


Digitized by Google 


JETTY AND WORKS AT DAGENHAM. 


This pile consists of a rolled steel joist g} in. bv 4 in. by 201 Ibs. embedded 
in concrete so as to give external dimensions to the pile of 14 in. by 14 Іп. The 
joist 1s not fitted with a cast-iron shoe, a piece of the web being merely cut out 
in the form of a triangle and the flanges bent in until they meet, the corners 
heing cut off to make a point. The other end of the joist is covered by about 
2 in. of concrete, and the web 15 drilled with six holes to enable a fresh piece of 
joist to be fished on after the pile is driven. 

To bond the concrete to the joist, rough rings of ,,-in. diameter steel wire, 
some II in. in diameter, are disposed at intervals of about 12 in. about the 
length of the pile aud embedded in the concrete, these being increased in 
number at the head. Through holes drilled in the web of the joist 2-in. boiler 
tubes are passed, so as to permit of lifting the pile with the aid of long shackles 
and pins, and these holes are also used as gauge bolt holes. This arrangement 
makes it possible to handle the pile four days after it has been made. 

The concrete is composed of clean shingle mixed with half its volume of 
clean, sharp ?-in. Thames sand, and with 200 lb. of Portland cement to every 
9 cu. ft. The concrete is well rammed round the joist. 


Rings of steel wire. R. S Joists. 


Section and detailed plan. 
THe WILLIAMS PILE. 


The piles can be taken out of the moulds in four days, and are ready for 
driving in one or two months, according to the season. 

Driving is performed by the usual machines, but the head of the pile is 
protected by a hard wond dolly, of suitable length to receive the blow of the ram. 
With the Williams pile, as with reinforced concrete piles generally, it is preferable 
to use a heavy гат--а 4o-cwt. ram falling 6 ft. being generally used by 
Mr. Williams. 

In connection with the fitting out of the “‘ Thunderer " there 15 а 150-ton 
crane. Alongside where it is moored is a wharf wall, a section of which is shown 
оп page 173, with a 20-ton electric crane on top. This wall is built of concrete 
building blocks, which is an interesting application of this form of construction. 
Concrete building blocks are now being extensively used for various purposes, 
and, of course, for such a class of work as this thev are very durable and cheaper 
than stone, and, being of small size, can be laid just as easily. | 

Attention is speciallv drawn to the bollards for mooring vessels, which are 
constructed on the concrete block faced wall. These bollards are of reinforced 
concrete, built with g in. by 4} in. steel joists through centre, and a few rings of 


steel wire round them, after the manner of tlie Williams pile. 
171 


ai 
ا‎ 


CRETE 


CO 


REINFORCED CONCRETE 


"XASS ‘MIO WVHNAOVG] LY ALLAL ALAMONOD GAHIMOANTAY 


JETTY AND WORKS AT DAGENHAM' 


Adjoining this wall is a factory for Johnson's Patent Corrugating 
Company, measuring 21 ft. long bv go ft. wide, the roof being built in three 
spans of 30 ft. This factory being built on unstable soil, it had to be supported 
on piles, which аге of the same pattern as those employed for the jetty. The 
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20-ton crane cn concrete block wall 


REINFORCED CONCRETE JETTY AT DaGgNHAM Dock, Essex. 


piles have been built up in the form of sections to carry a reinforced concrete 
roof, which is only 5 in. thick. No waterproofing material was used, and the 
roof is perfectly watertight. The walls are of concrete blocks. 

There is also an engine house, shown on page 174, for supplying power to 
the jetty. It consists of concrete blocks with a reinforced concrete roof, and is 
106 ft. long by 29 ft. wide and 2g ft. high. 
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Outside Dagenham Dock station is a water tower, shown on page 175, which 
was also constructed in connection with the works. The tank, which is 6 in. 
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Engine house built of concrete blocks. 
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TESTS ON CONCRETE 


BEAMS AND CUBES. 


We have dealt with the Interim Report of the Institution of Civil Engineers’ Committee 
on Reinforced Concrete in our issues of October, November and December, 1910, and are 
now giving particulars of Tests conducted in Great Britain which were published in that 
report and which we think merit attention.—ED. 
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TESTS ON REINFORCED CONCRETE BEAMS. 


IN previous issues we had a series of articles collected from various sources on 
tests conducted in Great Britain on reinforced concrete, and we are now able to 
add the results of some further tests that have been carried out subsequently. 
These we reproduce from the Institution of Civil Engineers’ Committee’s Interim 
Report on Reinforced Concrete. They relate to some reinforced concrete beams 
(Kahn system) which were tested for the South Eastern and Chatham Railway, 
and the information given below was furnished by Mr. Р.С. Tempest, M.Inst.C.E. 


Reinforced Concrete Beam.—Concrete composed 4 parts of ordinary sandy ballast 
to 1 part Portland cement Made on September 1r, 1908, tested December 18, 
1908. Beam gradually loaded with short lengths of old rails distributed, resulting 
thus : 
At 6:0 tons in. deflection ... Slight vertical crack appeared on side 1 ft. 4in. from abutment, not 

right through. 

s 2 ‚.. Crack 1 ft. from centre in bottom, about 4 in. up through bottom. 
Crack at centre opening yy in. full. 
Concrete practicallv"gone, crushing at top and pieces faling out at 

bottom. 
Subsequently loaded to 20°5 tons in 
endeavour to break beam. This left on 
for 48 hours without steel bar fracturing, 
calculated stress on steel being then 40 
tons/in.?. 

An illustration of beam when load 
was taken off is shown in Fig. І, and 
Fig. 2 shows cross-section of beam. 


erunt 10th 


Reinforced Concrete Beam.—Concrete 


SECTION OF BEAMS ILLUSTRATED IN Fics. 1&3 composed з parts of broken Kentish 


Area of Kalin Bar 0.78 sq. in. rag-stone, I part washed, sharp sand 
WS and 1 part Portland cement. Made on 


September 11, 1908, tested December 11, 
1908. Tested in first instance with calculated safe load of 6 tons, deflected ү% in., 
and when load removed, showed permanent sct of »,in. bare, with no sign of cracks ; 
then reloaded gradually. The second loading at 6} tons developed several slight 
cracks in bottom. 
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At 11 tons deflection $ in., and crack at centre opened to р in. full, cracks and 
deflection increased systematically until the full load of 17} tons reached, when 
concrete collapsed from compression, steel bar remaining unbroken at calculated 
stress of 32:3 tons/in.*. This is illustrated in Fig. 3. 


/ $$: » 
I 
2336 flat ba | 
з 
Kahn bars Y 
/ 78 area : 
4 Steel Kahn bars |' 
' ? sq inches area Ts MET m 
Cross SECTION OF BEAM. ROG NS ET NE RR НЕ Ci 
Fic. 5. CROSS SECTION OF BEAM. 
Fic. 8. 


Reinforced Concrete Beam.—Span 24 ft. Concrete composed 1 part Portland 
cement, r part sand and 3 parts broken Kentish ragstone (2 parts fine chippings 
and т part through ł in. ring). Made on March rir, 1909, tested May II, 1909. 
Cross section of beam and illustration of its appearance after removal of load, given 
in Figs. 5 and 6 respectively. Results of test given in following Table : 


| Distributed | fiéflection 


Date. | Load. Remarks. 
| "uis | Ins. 
| . 

May І 18:0 : va No cracks. 

E y 24:6 | fa No cracks. 

» I2 36:3 H Started small cracks in bottom below tension (steel) 

| member. | 

„12 | 45°3 | I} No appreciable difference in cracks in bottom. 

" | -- | 13 Deflected during night, cracks slightly opening. 

ie AG 57°0 га | No signs of failure or cracks in top. No appreciable 

| difference in cracks in bottom since yesterday, 

a 11 60-0 Is No signs of failure or cracks in top. 

ә 33 63:0 1% Centre crack extends right across at bottom 6 ins. up 
through concrete ; no signs of cracks in top. 

n. 13 66-0 | 265; No cracks at top. Crack opening decidedly in bottom. 
Deflection appears to be increasing without extra 
loading. 

» 13 ! 67:2 31 At-5.10 p m. Deflected to 3} ins. at 5.25 p.m. without 

| extra loading. 

i 14 — — | Beam gone down to 5 ins. total deflection during night. 

| | On 13th from 5.30 p.m. dropped 4 in. everv half-hour 
to Io p.m. Cracks in bottom opened and generally 
extended to within 4 ins. of top. 

» iw 4 -- — Since 14th deflection increased to 51 ins. Still no cracks 

| visible in top ; cracks in bottom remaining normal. 

» I9 51 No alteration, deflection still 54 ins. 

„ 2} 0 | 62 

» 24 76°0 9 Bottom flange of beam set back 1 in. on each inside edge 
of bearings. 

u d 79:0 9 Total weight put on, beam being thoroughly crippled ; no 


| | recovery whatever when unloaded. 
| | 


Ў ——-—-—-ГгҤг ——- 


Note.—For the total weights on beam at the various periods, 6 tons to be added in each case for 
the weight of the beam. 


Reinforced Beam, Inverted-Trough Section.—Span 29 ft. Concrete composed of 
same materials as used in last. Section of beam shown in Fig. 8, and result of 
loading in Fig. 9. 

Made on April 20, tested July 9, 1909, with distributed load of old rails 
gradually applied. The following Table gives results of test. 
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Distributed 
Date. г Load. ag da | Remarks. 
Tons. | | 
July 19 | 15:75 3 No cracks. 
» I9 31:50 } Cracks near centre developed half-way up beam. Seven 
slight cracks either side of centre. 
5 229 40°50 I Cracks more pronounced. 
127 4320 2} Cracks nearest centre perceptibly opening to fully } in. 
right through both sides. After an hour with same load 
24 ins. deflection. 
29 45:00 5 Cracks opening and more developing; went to 6 ins. 
deflection without extra loading. 
E 4 47°00 6 With this loading. Deflection after 24 hours 6$ ins. 
without additional loading. 
$23 47:00 6$ No further movement since 21st. 
a 28 47°00 68 No further movement ; load still on. 
Aug. 9 | 51:50 9 Cracks developing and opening; top showing signs of 
crushing. | 
» 9 55:35 = Collapsed ; top crushed as shown in Fig. 9, and top bars 


buckled ; bottom flange touched ground ; tension bars 
intact. 


Note.—Dead weight of girder in the clear was 1r tons, which is not included in these weights, 
nor in Fig. 7. 

Result of the test unsatisfactory, as beam failed at about half calculated breaking- 
load ; this probably due to disposition of material in cross-section, which prevented 
tension-bars from being placed evenly under whole width of compression-area. 
Further, alteration of section at the шараш» may have contributed to failure 
by affecting even deflection of beam. 


TESTS ON CONCRETE CUBES. 

To the foregoing tests on reinforced concrete beams we append some results of 
crushing tests on plain concrete cubes, the information respecting which was furnished 
by Mr. C. S. Meik, M.Inst.C.E., to the Committee of the Institution of Civil Engineers. 

These, it will be noticed, consist of a number of tests conducted by Messrs. P. W. 
& C. S. Meik, and also one set of experiments at Watertown Arsenal are included. 
On pages 800-2 in our issue of November, 1910, we reproduced some remarks of Mr. 
Meik's which have relation to these tests, in which he drew attention to the fact that 
the compressive strength of the concrete rose progressively with the weight, the 
proportions of the materials remaining the same throughout. The results of these 
experiments are plotted in the accompanying figure, and bring out clearly the fact 
that the strength increases with the weight per cubic foot. 
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CEMENT USERS' ASSOCIATION. CONCDFTE 


CONCRETE AS DISCUSSED 
AT THE 


NATIONAL ASSOCIATION 
OF CEMENT USERS, U.SA. 


Many interesting papers were read at the Convention of the National Association of 
Cement Users held in New York in December last, and we are publishing two of them in 
the present number. We shall deal with some of the others in subsequent issues. — ED. 


SOME SPECIAL USES OF CONCRETE IN MINING. 


By GEORGE S. RICE, Bureau of Mines. 


(In charge of mine investigations.) 


CONCRETE is not unknown to miners; apart from its use in foundations for machinery , 
it has been used for many years to plaster mine stoppings and dams built of brick or 
stone, to render them comparatively water or gas tight. 

Within the last few years, contemporaneously with the advance of the science of 
reinforcing concrete, the general use of concrete in mining operations has been 
enormously extended. To-day practically all foundations for mine buildings and 
machinery are built of concrete, and many buildings, coal-bins, chimneys ; also 
recently one great anthracite breaker has been built with reinforced concrete. 

In many of the large new plants, concrete has entered extensively into construc- 
tion underground, replacing wood, iron, brick, and stone. Its use for various pur- 
poses is rapidly extending, as its merits are better understood. The possibilities of 
underground application appear to widen constantly, suggesting more than mere 
economies, but even affecting the fundamentals of mining. 

In Europe mine operations have been regarded as permanent operations ; hence 
for many years shafts have been sunk, using brick or stone for linings, such shafts being 
circular or elliptical in cross-section. Where it has been necessary to use iron or 
steel casings to pass through water-bearing strata, permanent inner linings of brick 
have been used. For such inner linings, in some recent shafts, concrete has been 
substituted. 

In this country, until the last few years, it has been without exception the practice 
to employ wood linings, the shafts being rectangular in cross-section. Water-bearing 
silts or quick-sand locations are generally avoided, and where water has been en- 
countered in shaft sinking, no attempt was made to keep it out as in the European 
shafts. 

In some instances where the surface quick-sands proved shallow, concrete dams 
were constructed inside the timber lining or coffer dams, generally these inner linings 
or dams were circular in section and massive, so that reinforcement was incidental. 
However, in sinking the air shaft of the Panama mine, Illinois, the writer used a 
reinforced concrete lining of rectangular section through the surface silt of sufficient 
strength to resist the water pressure, so as to keep the air-shaft drv. This is an 
important matter if the air shaft is to be used for “ intaking ” air, since in a wet shaft, 
masses of ice accumulate in cold weather, thus restricting the ventilating current or 
stopping it with serious results. The inner lining was put in after the shaft had been 
forced through the soft silt, and the outer wood curbing rested on this rock. This 
rock was a fissured limestone, so the shaft was sunk about 8 ft. further into the shales 
below—here a good foundation was prepared for the concrete lining. - 

As the water spurted out above in streams in putting in the massive concrete 
foundation, the sinking pump was temporarily checked in putting in the successive 


182 


Digitized by Google 


Fa 


FESSES CONCRETE IN MINING. 


courses, and the water allowed to rise above the level of the course to be laid, so that 
the concreting materials could be placed in water without currents behind the form. 
The concrete was then tightly rammed against the shale and rock to make tight joints. 
When this foundation had been brought up to the level of the wood curbing, ргерагг- 
tions were made for building up the thinner reinforced concrete walls, which were but 
15 in. thick at the bottom, and 9 in. thick at the top, and about 40 ft. higher. Diagonal 
wood strips were nailed on the inner face of the wood curbing, and on these a tight 
lining of tongued and grooved flooring. This deflected the water streams to the 
bottom of the lining, and short pipes were placed through the concrete forms at a 
number of points around the shaft so as to discharge the water from behind the wood 
lining into the open shaft. By this method, the reinforced walls were erected in com- 
parative dryness. 

The reinforcement consisted of corrugated bars placed horizontally and verti- 
cally near the inner face—.e., toward the centre of the shaft. The vertical bars served 
only to bond the courses ; the horizontal bars were spaced close together at the bottom, 
and further apart at the top, according to calculated water and earth pressure, assum- 
ing no help from the outer wood curbing. 

The horizontal reinforcement bars were bent around at the corners of the shaft, 
which were bevelled. The shaft had two compartments about 9 ft. by ro ft. and 
9 ft. bv 5 ft. in the clear, respectively, with an 4-1п. concrete partition between. When 
the concrete had sufficiently hardened, the drainage pipes were plugged, and the 
walls then served their object as a dam. There was a slight seepage at several points, 
but this gradually stopped. 


DROP SHAFT SINKING. 


Where the glacial drift or water-bcaring silt is very deep, special methods of shaft 
sinking have to be used. 

The freezing svstem and the drop shaft system have been highly developed in 
Germany and France, and to a point both are very successful. Reinforced concrete 
is adaptable for linings, but with either system it has not as yet been employed to any 
considerable extent. 

In this country little has been done with either system, chiefly owing to shaft 
sinking conditions generally being casy. More recently there has been occasion for the 
penetration of water-bearing silts, and one reinforced concrete casing has been suc- 
cessfully sunk in the Lake Superior iron region. The plan of the casing was similar 
to the ordinary drop shaft casing of brick so extensively emploved in England— 
namely, to build on top of a steel shoe which drops as the excavation proceeds. Skin 
resistance to descent of the casing is the chief obstacle usually encountered, so far 
as the casing 15 concerned, and this has to be overcome by weighting. 

The concrete bridge pier caissons sunk in between river silts, and the caissons 
used in the vicinity of New York for shafts preliminary to tunnelling, are of the same 
nature as drop shaft casings, except that their vastly greater size and weight relative 
to depth makes the problem of sinking them simpler. 

The method of using reinforced concrete casings seems applicable to many cases 
where it is necessary to sink through bad ground, modifications being made to suit the 
condition of sand or glacial drifts that may be encountered. 

A most interesting method used in connection with shaft-sinking through water- 
bearing ground has been developed in the Pas-de-Calais coal district of France, which 
is termed “ Cementation.”’ 

The coal measures of the districts are overlain with bedded marls and chalks, 
more or less fissured, and the fissures in some place are so filled with water that 
ordinary methods of shaft sinking would fail. Heretofore the freezing system has been 
successfully used, but the new cementation method, the writer was informed, could 
be employed at less cost. Interesting particulars of the method are given in a paper 
by J. Lombois, principal engineer of Mines de Bethune. The process is to drill a set 
of holes in the water-bearing ground, six in number, arranged in a circle surrounding 
the site of the proposed shaft, and then pump in, under pressure, a cement grouting 
until the fissures and interstices are filled. Shaft sinking is then proceeded with as 
it would be through ordinary rock-strata. The system seems applicable to many 
situations where water is encountered in either shaft sinking or tunnel driving. 
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SHAFT LANDINGS OR BOTTOMS. 


In Europe it has long been the custom in collieries to secure the “ landings ”’ 
adjacent to shafts with masonry side walls and arched roofs, both for fire protection 
and for permanence. 

Such arched passages or tunnels contain from two to four tracks, and sometimes 
where double-decked cages are employed, and are arranged with corresponding upper 
and lower stages, a considerable height of tunnel is required. 

In this country, until recently, with rare exceptions, the “ bottoms " have been 
lined with timber only. Such mine timbers, if of white oak, last from 5 to 8 ycars, 
depending on whether the natural conditions foster drv rot, and if of black oak or white 
pine, shorter periods. As the cost of timbers is greater than the first cost, if a mine 
lasts over twenty years, it is manifest that wood timbering is in the long run more 
expensive, and there is alwavs a great danger of its taking fire. 

Where the bottom is to be arched, brick is an excellent material to use, and a 
substitution of concrete is wholly a question of relative cost. There are, however, 
many situations where there is a strong “ cap-rock "' over the coal that is difficult and 
expensive to brush, in making room for the arching ; moreover, such cap-rock may 
have considerable strength as a roof. Under such conditions, the practice has arisen 
in recent years to use large (15 in. to 16 in.) T-beams for collars, across the passage, 
resting the ends on side walls, and to lag with wood over the beams. Such a con- 
struction makes a good appearance and should be fairly durable, but it is open to 
objections : the wood lagging will rot and be difficult to replace without disturbing 
the roof and, in case of an explosion, the beams offering considerable surface, are 
blown down or, if struck by flying timber, may be broken. There appears to be an 
excellent field for the application of reinforced concrete under the conditions cited 
namely, where a flat roof is desired at a cheaper cost than that of T-bcam con- 
struction: also where greater durability is desired and frecdom from the disadvan- 
tages mentioned above. 

Much will have to bc done in the way of determining what should be the strength ot 
the flat concrete arch acting as a beam under different conditions of natural roof, 
and in the development of methods of erection under a horizontal roof stratum. 


LINING ENTRIES WITH REINFORCED CONCRETE. 


The roof stratum over most coal seams is shale, which, when hard, is called slate 
bv the miners. Shale weathers badlv, and in the majority of the coal mines the 
entries must be timbered more or less continuously. If the shale were protected 
from the weathering section caused by the ventilating currents it would require little 
support. 

This principle has been recognized by the Bethune Company, which operates in the 
Pas-de-Calais district of France, so that in developing a new mine, a few ycars ago, 
they decided to line all the passage ways with reinforced concrete. At the time of the 
visit of the writer in September, 1908, about two miles of such lining had been con- 
structed, and while of light construction, it had yielded slightly at only one point. The 
side walls, which are slightly concaved, are about 4 in. thick, and the low arch about 
5 in. thick at the crown. The reinforcement consists of plain iron rods parallel and 
at right angles to the axis of the passage-wav. Two cross-sections of passages are 
emploved, the main galleries about 8 ft. wide in the clear and about 61 ft. in height. 
The secondary passage-wavs are about 6} ft. ia width in the clear and about 7 ft. high. 
The forms were ingeniously constructed as to be readily transported and sct up 
quickly. The same gang of men is steadily employed on this work so as to become 
very proficient. 

In the case of the Bethune Company, their enginemen informed the writer that 
the cost of maintenance of the minc in which the lining was done was only one-fifth of 
the average cost of the maintenance of the other mines of the company in the same 
concession. 

Other advantages of concrete-lined passage-ways are manifest to a mining man. 
There is no blockage of traffic bv falls; watering the roads can be donc freely and 
little is required to keep the passage free from dry coal-dust, that great menace to 
miners and the cause of propagation of so many great explosions. Moreover, with 
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refuge holes, there is less danger to employees through passing trips of cars. In 
timbered entries, if cars jump the track, thev areliable to knock out timbers and bring 
down the roof on either the trip rider or a man standing at one side. Good lighting 
tends to reduce haulageway accidents. А concrete-lined passage is easily lighted since 
the surface is smooth and light coloured, and if desired can be cheaply white-washed. 


OVERCAST STOPPING AND DAMS. 

Concrete has already been adopted bv many mine operators in their building of 
overcasts (air current crossings). These have usually been of massive construction. 
If reinforcement were employed, the cost might be considerably reduced. Reinforce- 
ment of concrete might lead to economy in the erection of minc stoppings and dams. 
Some operators use small coal for stoppings in place of crushed stone. If the coal 
is of a tough nature, and properly screened, in massive stoppings this is economical, 
but often too much coal dust is used, so that an excess of cement is required and the 
concrete is very weak. Such concrete is not suited for stopping or water dams where 
there is likcly to be much pressure thrown upon them, or in the case of stoppings i 
subjected to heat. ; 


CONCRETE PROPS. 

There is undoubtedly a large field for the development of a system of concrete 
props moulded and hardened on the outside of the mine. Props are a large item of 
expense in most collieries. In the average colliery of this country one room prop 
is required for every 8 to 12 tons of coal produced, say I to ro. Timber props cost 
from то to 20 cents each, so the cost per ton of coal produced is from I cent to 2 cents. 
The cost will undoubtedly rise rapidly in future, as the timber reserves of the country 
become exhausted. 

In this country, timber props are rarely recovered, as they are abroad, where the 
long wall method of mining is general. In the room and pillar system, which is the 
one usually employed in this country, the props often stand so long as to dry rot and 
not make it worth while to try to withdraw them in pulling pillars. In collieries in 
which the conditions are such that the props could be withdrawn by “ Prop-drawers,”’ 
such as are used extensively in England, concrete props might be a great economy 
beside conserving timber resources. 


CONCRETE TIMBER SETS. 

There appears to be an even better opportunity for the development of a system 
of outside constructed concrete timber sets than there is for collierv room props, 
since timber sets are intended to be more permanent and required to be stronger. 

In collieries each. timber set consists of a collar and two legs. The collar is 
perfectly square in cross-section, the legs may be either round or square. It would be 
necessary to have legs of different lengths, but this entails no particular difficulty ; 
small differences are easily taken care of by picking the footing deeper or wedging the 
legging over the top of the collar. 

That there is a field in this direction of concrcte timbers is shown bv the incrcasing 
rise of T-beams for collars and for legs. Concrete timbers for equal strength should 
be as durable and should be cheaper. 

The opening for concrete posts and timber sects in certain kinds of mctalliferous 
mining appears to be as great as in collicries. Often great strength is needed, and in 
some parts of the country, asin the south-v.est mining districts, big timbers are difficult 
to obtain and very expensive. Crushed rock for the concrete is alwavs at hand in 
metal mining operations, and Portland cement can now be obtained at moderate price 
in any part of the United States. Reinforcing material is often at hand in the scrap 
Iron pile. 

In some cases the large concrete timbers could be built in place, but in many cases, 
owing to the condition of the roof, it would be necessary to have the full strength of a 
concrete timber at the time of erection ; hence the necessity of having concrete timbers 
constructed and seasoned in advance of sctting up. 

In the development and testing of concrete props and timbers, as well as the 
concrete linings previously mentioned, there would appear to be need of work on the 
part of the Bureau of Mines through the facilities they possess. 
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The use of concrete for outside mine buildings has been merely mentioned in this 
paper, as such work is either identical or very similar to what concrete builders are 
thoroughly famihar with. But it is not intended to give the impression that the 
amount of this work is small, or that it is unimportant. Every year there are heavy 
money losses from fires in tenant houses and mine structures, which, in the case of shaft 
houses, have sometimes caused the loss or temporary loss of the mine, involving direct 
losses of thousands of dollars. 

If concrete builders would give the subject the same study that they give to 
bridges and manufacturing buildings, and be prepared to take up the construction of 
mine buildings of various kinds with promptness and vigour, there appears to be a 
large field of usefulness, productive of improved construction and adequate fire pro- 
tection. 


SOME NEW METHODS IN SIDEWALK AND CURB 
AND GUTTER CONSTRUCTION. 


By JEROME B. LANDFIELD. 


Ir is my task to-day to endeavour to point out certain developments in sidewalk 
and curb and gutter work, and to make some suggestions as to the best methods to 
be followed. What I have to say is the result of practical experience and careful study, 
together with an extensive observation of concrete work in nearly every part of the 
country. 

The effort of the report of the Committce on Uniform Specifications last spring 
has been far-reaching, and has done more to improve the quality of sidewalk and curb 
and gutter work than most people realise. It has not onlv guided many a city engincer 
in making up his specifications for municipal work, but it has suggested to many a 
contractor improvements in his own methods. 

It was manifestly impossible for this report to go into all the details of method 
and to prescribe exactly how the contractor should do his work in all particulars. 
Something had to be left to the judgment of the contractor. As far as they went, 
the uniform specifications were exccllent. They did not permit the contractor to 
let his foundation course set before putting on his top course; they provided that 
retempered concrete should not be used ; they forbade the sprinkling of drv cement 
on a wet surface to dry it for finishing quicker, and they prescribed certain other 
important details. 

What I have to offer for your consideration are—first, the developments of the 
past vear in the matter of some new devices for simplifving and reducing the cost of 
sidewalk and curb and gutter work ; and, secondly, some improvements in method 
that are closely connected with the use of these devices. The chief of the devices 
to which I refer are steel forms or moulds to take the place of the ordinary 
wooden ones heretofore used, and I am free to sav that it 1s doubtful if in the whole 
field of concrete work a more important invention has been put on the market during 
the past vear. There have been several stages in the development of steel forms, 


beginning with metal division strips and templates for making expansion joints. 


METAL FORMS. 


The question for the inventor was how to make a metal form, the parts of which 
should be mutually self-supporting and easily taken apart, and yet at the same time 
have no projections above the surface to interfere with striking off and finishing. It was 
evident that if the division plate was to be flush with the side rail, the only wav of 
securing them together would be fora tongue of the division plate to penetrate the side 
rail, and this would mean that the side rail would have to be removed before the division 
plate could be lifted. and this must be done while the concrete was still green. , This 
was the stumbling-block, and he attacked it boldly. After all. why should not the 
side rails be removed immediately ? To protect the edges ? Of course not, for the 
whole surface had to be protected against intruders in any case. The idea was revolu- 
tionary, but it was worth trving, and the result was highly satisfactory. 
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The idea was first applied to sidewalk work. Simple steel channels 4 in. high, 
and having r-in. flanges, were used for side rails. At regular intervals were vertical 
slots, and the ends were fitted with a tongue and socket arrangement for joining 
successive side rails together. Division plates were made of the same height, and with 
tongues adapted for projecting through the vertical slots in the side rails, and being 
locked by lugs on the outside. ` 

When a system of steel forms was placed in operation on sidewalk work, advan- 
tages appeared that were notat first thought of. Of course, they did away with the 
annoving lumber bill, and they guaranteed clean-cut expansion joints without any 
additional expense. But they saved much more labour than had been anticipated. 
In the first place, one man could set up as many feet in an hour as two good form 
setters of wooden forms could in half a day. The measuring was already done by the 
regularly placed slots in the side rails, and there could be no mistake about it. When 
one side was brought into line, the other side had to come into line without further 
work. Adjustment to grade was simple, and required no changing of stakes, and, 
best of all, the forms stayed in place without any staking or bracing. : 


EXPANSION JOINTS. 

Before taking up the adaptation of this system to the building of curb and gutter, 
I would like to call attention to certain points in sidewalk work that are frequently 
overlooked. I do not need to point out the supreme importance of the expansion 
joint. А great many contractors, from districts where there is little or no frost, are 
inclined to regard the expansion joint as unnecessary, but this is a great mistake. 
Onlv a few weeks ago, when I was discussing the situation with the best posted man 
in California, he said to me: “ Clean-cut expansion joints would eliminate 50 per cent. 
of all the sidewalk trouble in this State." The expansion joint is a necessity ; but 
there are now in the market so many satisfactory division plate devices that it is 
no longer economical to chop through the concrete ; and to fill the joint with sand is 
really absurd. | 
FINISHING OFF TOP СОАТ. 

I have two suggestions to make as to the methods of sidewalk work—one 
has to do with the consistency of the top coat, the other with the manner of 
finishing the surface. On the question of consistency of the top coat, the book 
authorities are divided or non-committal. I have given this subject a good deal 
of study and wide observation, and as a result I am going to offer for your considera- 
tion a method that will astonish many of you. It consists in putting in a top coat 
with onlv a little water in it, and then tamping it to bring sufficient moisture to the 
surface for immediate finishing. This not only makes a fine bond with the foundation 
course, and gives you a dense close-grained top, but it insures you against checking 
and crazing. I have heard it objected that this method would add to the cost, but 
when the contractor tried it he found that it was cheaper to pay for a little more 
tamping than to have finishers waiting around for the surface to dry out. 


SURFACE FINISH. 

The method of finishing the surface consists of two operations—striking off 
and floating. When the top coat has been tamped and the surface is just right 
for finishing, we take a piece of angle iron with a handle at cither cnd to use 
as a strike-off stool. One man on cach side of the walk grasps this by the handle, 
and thev proceed to strike off the surface with a sort of sawing motion, each in 
turn bringing his end forward so as to prcvent the surplus matcrial from being 
brushed off at the side. With a little practice thev become very proficient in this. 
In fact, this method of striking off facilitates floating to such an extent as to make a 
considerable saving. Of course, the surface may be struck off when wooden forms 
are used ; but the side rails are frequently rough and uneven, and the stakes are a 
hindrance. With steel forms the method works to perfection, for the strike-off stool 
moves easily along, and the resulting surface is absolutely even. 

The floating of the surface is a point on which there are manv opinions. I presume 
that a majority of sidewalk men to-day finish their work with a trowel, but I am 
inclined to consider this bad practice. The improved practice is to strike off the surface 
as described, and then finish it with a wooden float. A large number of concrete 
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men use this method now, but the practice ought to become universal. As soon as 
the walk is floated the surface should be lightly brushed with a dampened brush. 
The result is a handsome even surface, on which there is no danger of slipping, and which 
in appearance excels the best natural stone. In mixing the top coat it is very de- 
sirable to use a certain amount of crushed granite or some similar material with vour 
sand in order to make a more durable surface, and at the same time avoid the dirty 
yellowish colour that common sand frequently gives. 


CURB AND GUTTER CONSTRUCTION. 

There is one branch of street concrete work that is particularly interesting at the 
present time, and that is curb and gutter construction. It is not necessary here to 
point out the numerous advantages of curb and gutter over straight curb, for the 
public generally is coming to realise that this form of construction is not only {һе 
most satisfactory from a practical standpoint, but that it finishes and beautifiesa strect 
to such an extent as to add more than its cost to the value of real estate. 

The best method of curb and gutter construction was made last summer, when 
all stee! forms were developed. Although the plan looked all right in theory. I for 
one was inclined to be somewhat sceptical as to its success in practice until it had been 
thoroughly tested. The one point that disturbed me was the question of the curb 
standing up properly if the forms were removed while the concrete was still green. 
But this had been forescen, and while some tests showed that with care it would stand 
up all right for a vertical curb, the precaution was taken to give the back of the curb a 
batter of 1 in. on 12. This not onlv gave the curb stability while setting, but madc 
a stronger and better curb. 

The steel forms, of which several varieties have been placed on the market by 
different manufacturers, deserve a detailed description. In the first, a serics of division 
plates or templates are provided. These are shaped exactly to a cross-section of the 
curb and gutter to be laid, except that in front and rear are slatted tongues. These 
tongucs are the means by which the front and back moulds are held in position, and 
are variously placed according to the size and number of channels it is desired to use 
for this purpose. For example, if the curb is 12 in. high at the back and the gutter 
is 6 in. or 7 in. thick in front, it is convenient to construct the templates to accom- 
modate two 6-in. rails at the back and one 6-in. rail in front. This simplifies the 
outfit, as the rails are then interchangeable. Оп the other hand, contractors some- 
times find it desirable, when working on sidewalk and curb and gutter in the same 
locality, to have the templates made with tongues to accommodate three 4-in. rails 
at the back and one 4-in. rail in front, and this enables them to use for curb and gutter 
work side rails which mav also be used for sidewalk work. 

The back of the template is not made vertical, but is given a batter I in. on 12 in. 
The object of this is to give stabilitv to the back of the curb while the cement is green, 
and remove anv danger that might result from the immediate removal of the forms. 
Besides this consideration, it is a desirable feature of curb and gutter construction. 

The setting of the forms 1s a simple matter. The best method is to drive stakes 
to grade at intervals in the excavation along the front line and back line of the curb 
and gufter. The forms may then be locked together and set up on these stakes when 
further levelling is necessary. They are then ready for filling with concrete. It is 
best to mix this without too much water, stiff enough so that it will not quake when 
tamped. When the forms have been filled with concrete up to the level of the gutter, 
а face mould for the curb is put on. This consists of a 2-in. plank, the lower edge of 
which has been rounded to conform to the curve of {һе template at the junction of 
curb and gutter, and which is held in place by clamps or braces. A simple method is 
to secure it in position with three or four small sticks, just long enough to reach to the 
front rail. 

In filling in the concrete for the curb, care is taken to face the curb with rich or 
top-coat material. The top of the curb and the surface of thegutter are then treated 
to a laver of top-coat material mixed stiff and tamped. 

The plank is removed, and the whole surface is struck off with a picce of angle 
iron, using successive templates as guides. The surface is finished at once with a 
float лпа brushed. 


188 


Ё ENGINEERING АЕ SIDEWALK AND GUTTER CONSTRUCTION. 


The final step is to knock out the keys and remove the forms, which is done within 
a few minutes after finishing. The templates slip out easily without disturbing the 
surface, after which the jointer may be used. The section of forms taken off is then 
set up further along on the work, and in this way the forms are used over and over 
again the same day. With 50 lineal ft. of forms a gang can build at least зоо lineal ft. of 
curb and gutter per day. 
STRAIGHT CURB. 


Still another adaptation of steel forms is possible, and that is in the building 
of straight curb. For this purpose templates are made 18 in. in height, 6in. wide at 
the top, and 9 in. wide at the bottom, having a batter front and back of 1 in. on 12 in. 
Three tongues on each accommodate three 6-in. side rails front and back, and the 
whole mould is set on stakes a little above the bottom of the excavation. The concrete 
filling this space below the forms and out to the sides of the excavation makes an 
integral base for the curb. The forms are filled with concrete, and the top front 
rail is first removed in order to float the face. The other rails are then taken off and 
the templates drawn. The end templates are left on at the close of work, and care is 
taken to brace them. In general the strain on the forms is greater in straight curb 
than in curb and gutter work, and it is desirable to brace the forms occasionally to 
prevent them bowing out under heavy tamping. 
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In our issues of Februar ^de and Jul р, 1910, we gave detailed descriptions of the concrete 
and reinforced concrete work at this building, and under ‘* Recent Views ’’ in this number 
will be found an account of the architectural and engineerina features of this important 


structure. 
The series of articles, of which the present one forms the conclusion, were prepared for 
us by Mr. Albert Lakeman, Hon. Medallist Construction. —ED. 


REINFORCED CONCRETE ROOFS AND STAIRCASES. 
SOME notes have already been given on the reinforced concrete floors and roofs 
generally, but no detailed description has been given of the work to the sloping 
roofs, which is illustrated on pages 191 and 192. These sloping roofs occur both 
in the front and back portions of the building, the fourth floor only being con- 
structed thus in the former case, while in the latter case the slope runs through 
the height of the fourth and fifth floors. 

The front roof facing Pall Mall is carried nght through the full width of the 
building—viz., 228 ft. without a break. The height is about то ft. 6 in. from the 
fourth floor level to the asphalte flat above, and the pitch is 60 degrees. The 
thickness of the concrete employed was 4} in., and the reinforcement consisted of 
}-in. indented steel bars, spaced at ro-in. centres, these being bent over the rolled 
steel joists, which acted as trimmers at the intersections of the sloping roof with 
the flat roofs above and below. In addition to the vertical reinforcement 1-1п, 
bars were placed horizontally at 2-ft. centres to distribute temperature stresses. 

Several dormer window openings were required throughout the front, and 
these were formed in such a manner that the windows are set back within the 
roof and not allowed to project in the usual manner. This rendered it necessary 
to form the cheeks and the small flat at the bottom of each window in concrete 
also, and the same thickness was employed as in the main roof slope. Vertical 
reinforcement was provided in the cheeks and all the cross bars of the main 
reinforcement were bent round and continued into this portion. 

The small flat below each window was strengthened by the addition of }-in. 
bars at 10-1п. centres, and two similar bars were placed at the head and the 
bottom of each opening to act as a tie, and round these the vertical bars were 
bent, which could not be continuous on account of the opening. 

In the case of the back roof, this was about 20 ft. 6 in. in height, built with a 
pitch of 65 degrees, and cut up by a central curved pavilion and two straight sloping 
pavilions at the ends, which were carried up above the general roof level. Steel 
framing was introduced, however, at the fifth floor level, which is situated about 
halfway up the slope, thus cutting up the roof into two portions, as will be observed 


190 


(D 


Digiti: 


» Google 


THE NEW ROYAL AUTOMOBILE CLUB. 


from the illustrations already mentioned. Every alternate bar was, however, 
e continuous, while the others were hooked over the steel framing. 

The photograph on page 191 illustrates the shuttering for this roof, and one 
of the end pavilions and the central curved pavilion can be seen during construc- 
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ail view of some of the reinforcement 
The end pavilions 


tion, while that on page 192 gives a det 

in position, and shows the method of forming the openings. 

were built at a different pitch to the main roof slope, having an angle of 75 

All the sloping roofs are covered with green slates nailed to а double set of 
191 
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battens, and all the curbs, hips, and window surrounds are covered with copper. 
The flat roofs are covered with asphalte laid on a cement bed worked to the 
necessary falls. 


The proportions used and the method of mixing the concrete for this work 
was the same as that described for the reinforced concrete floors in the previous 
article. 
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With one exception all the staircases were constructed in concrete, the 
methods employed varying considerably with the size and importance of the 
staircase. In the majority of cases the form adopted consisted of steel channel 
stringers and concrete steps, strengthened with small steel tees, but plain and 
reinforced concrete were also used, the latter material being adopted in complicated 
positions, thus proving its adaptability, which is not the least one of its many 
advantages. 

There are fourteen staircases in all, and the one exception to the use of con- 
crete is the waiters' staircase leading from the kitchens on the lower ground 
floor to the restaurant on the ground floor, which affords a direct hand service, and 
it was necessary to use timber in this staircase,» this material has more “ give " 
than concrete, and does not prove so tiring to the feet when continually running 
up and down the flights. The main staircase is that leading from the ground to 
the fifth floors, situated directly off the large central elliptical vestibule, with 
flights 5 ft. 6 in. wide around an open well. The staircase itself occupies a space 
27 ft. 6 in. by 16 ft. 6 in., and the steps are formed in concrete with rolled steel 
joists at each half landing and floor level, to support the 10-in. by 31-in. raking 
steel channels, the latter carrying the concrete stringer and the outer ends of the 
steps, the inner ends of the latter being supported by the 14-in. walls surrounding 
the staircase itself. These raking channels are cleated and riveted to the steel 
joists with all necessary ramps, and the steps themselves are further strengthened 
by the addition of 2-in. by }-in. steel tees, which form a core, and $-in. steel tie 
rods, which serve to tie the channels back to the walls. 

One of the principal features in the design of the stairs which greatly affected 
the construction was that of allowing no beams or projections to show, and a 
continuous flowing soffite and stringer was obtained which gives a pleasing effect 
and conveys the idea of graceful and easy ascent when looking up the staircase. 
This necessitated the use of more concrete than would have been required if 
projections had been allowed on the underside, but the effect of the staircase 
would have been entirely lost. The concrete stringer which covers the raking 
channel is 2 ft. 2 in. deep and projects 2 in. above the steps and the same distance 
below the soffite. 


The landings, treads and risers are finished with Echaillon stone 2 in. and 
I} in. thick, this being a very hard cream-coloured French marble, which is laid 
unpolished, having an effective appearance combined with excellent wearing 
properties, while the walls and stringer are finished in “ stuc,” which is plaster 
composed chiefly of stone dust and plaster of Paris, applied and jointed to imitate 
stonework, which it closely resembles. 

The small service staircase, which runs from the basement to the fifth floor, 
adjoining the service lifts, is constructed on the cantilever principle, with an 
open well in the centre, each step obtaining a certain amount of support from one 
wall only and the step immediately below it. The width of the flights is 2 ft. 9 in., 
and each step is strengthened by a small steel tee core, while the concrete 15 com- 
posed of cement and granite chippings in the proportion of I to 4. The steps 
are finished with Mason's patent treads and 1j in. of granolithic. 
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The reinforced concrete stairs are generally used in the case where compli- 
cations occurred, and a typical instance is that of the staircase leading from the 
lobby adjoining the lounge on the ground floor to the large restaurant on the first 
floor. The shape is so peculiar and winding and the points available for support 
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so peculiarly situated, that it would have been impossible to shape ordinary 
steel channels and joists as necessary ; reinforced concrete was therefore em- 
ployed with reinforced stringers, steps and soffites, and the desired effect was 
obtained. A further instance is that of a small staircase 2 ft. 6 in. wide which 
has a support on one side only, and in addition has to pass over a duct used for 
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ventilating purposes where every inch of space available was very valuable. 
A portioa of the steps required to be designed as cantilevers, and these are rein- 
forced with two 1-in. indented steel bars on their upper surfaces, while a portion 
of the flight itself was required to act as a beam where passing over the ventilation 
duct previously mentioned. This readered it necessary for some of the lower 
treads to form an abutment for the beam portion, and these were reinforced with 
three }-in. bars instead of two, as the longitudinal reinforcement in the beam 
portion was designed to distribute the pressure over three treads in each case. 
The bottom flight, which is about 12 ft. long, was designed in such a manner that it 
was independent of any support at the sides, having }-1п. bars spaced at 3-in. 
centres longitudinally for the full length, with transverse bars at 12-in. centres, 
while the minimum thickness of the concrete was 6 in. 

The finished structure, generally, is probably the finest building in London 
with its bold elevations in Louis XIV. style, built entirely in Portland stone. 
The facade to Pall Mall is illustrated on pagero4. The total cost of the 
building is about £250,000, and the internal arrangements are complete in every 
detail. An elaborate system of heating and ventilation has been installed through- 
out, and, although the structure is of the fire-resisting character, fire alarms and 
hvdrants have been provided at various points on each floor. Two complete 
vacuum cleaning installations have been put in to facilitate speedy and thorough 
cleaning throughout, and pneumatic ejectors have been installed to deal with the 
drainage of the lower floors, which come below the level of the main sewer. The 
accommodation is palatial, and a member residing at the Club will find that all 
his requirements have been provided for in the various departments. A general 
idea of the planning and the principal apartments was given in the previous 
article and need not be again described. 

The indented bars for the reinforcement weresupplied by the Patent Indented 
Steel Bar Co., of Westminster. 

As previously stated, the joint architects for this building were Messrs. 
Mewes & Davis and Mr. E. Keynes Purchase, while the consulting engineer for 
the construction was Mr. S. Bylander. The general contractors were The Building 
Construction Co., of Cockspur Street, S.W. 
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Schemes for Saving Time, 
Labour and Lumber. 


The following is taken from a pamphlet sent out by the Association of American Portland 

Cement Manufacturers, giving specific and authoritative directions to enabie farmers to 

erect forms for concrete with their own farm labour. —ED. 
SiNcE freshly mixed concrete is a plastic material,* forms of some kind are necessary 
to hold it in place and in shape until the cement sets up and the concrete becomes 
hard. Lumber, though expensive, is the material most commonly used. By exer- 
cising his natural ingenuity and customary care in the matter of construction of 
forms, the farmer has built so cheaply of concrete that his cost statements are 
frequently doubted by the builder in the city. 

Much of the work done on the farm requires almost no forms at all. In this 
class are walks, floors in buildings, and feeding floors, which will be dealt with in a 
later article. 

Forms Must be Tight,—The first requisite of good forms is that they should be 
tight so that the liquid cement may not run out between the cracks, cause pockets or 
hollows and thus ruin the look of the work as well as decrease its strength. Con- 
sequently straight boards are most desirable unless one chooses to fill gaping cracks 
with stiff clay and tack strips over them. Dressed lumber is usually straightest and 
yields a neater finish to the concrete. But for ordinary purposes rough lumber is 
sufficiently good. Naturally the siding must be stiff enough not to bulge out of shape 
when the forms are first filled with concrete. This does not mean that very heavy 
siding is necessary. In fact, 1-in. boards are usually sufficiently strong. The bulging 
may be prevented by setting 2-in. by 4-in. studding from 20 in. to 30 in. apart, 
according to the thickness of siding boards or sheathing used. 


FORMS, SHOWING BOARDS PROJECTING BEYOND CORNERS. 


A, CONSTRUCTIONAL FORMS FOR CONCRETE. 


The Primary Principle: Save Lumber.—The thoughtless cutting of boards into 
short lengths means a waste of lumber and a useless increase in the cost of concrete. 
Unnecessary nailing not only calls for more nails, but adds to the difficulty of removing 
and the danger of splitting and ruining the boards. The reason that concrete is so 
unusually cheap for the farmer is that he plans his forms to spoil as little lumber as 
possible, and he finds a use for all of the lumber after it has served to hold the concrete 
in place. In this way the material for forms costs practically nothing. 

Little Saving Devices. —Most concrete work on the farm is built in what is known 
as the box form, which, with variations, consists of one box within another between 
which the concrete walls are moulded. Such forms are used especially for walls of 
buildings, tanks and troughs. Ordinarily the studding need not be cut in lengths 
equal to the height of the wal! : it may, without inconvenience, be allowed to project 
above the top of the siding. Nor does it need to be sharpened (and later battered up 
at the other end) for driving into the ground. There is a quicker, easier and cheaper 
wav. Set the ends of the studding on the ground and hold them in their proper 
position by a timber, called a liner, lying on the ground against them, or “ toe-nail "' 
the ends of the studding to a plate which will serve the same purpose. Stakes driven 
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into the ground and against the plates or liners will fix them firmly in place. The 
studding тау be held plumb by bracing it with odds and ends running from. the top 
to stakes driven into the ground a few feet away from the form. If the forms are so 
high and will be filled so rapidly as to render possible the springing of the studding, 
tie the opposite pieces together by means of pliable wire passed through the 
joints in the siding. Space the forms at the top by means of cross cleats. 

For the outside wall of box forms boards of full length need not be cut at all. 
The extra length may be allowed to extend beyond the corners. This saving cannot 
always be effected with the inner wall, yet odd pieces of boards may often be used in 
such a way as to prevent useless cutting. In nailing on the siding, arrange the boards 
so that all end joints will not be made on the same upright. If the lumber is crooked, 
draw the boards together so as to prevent cracks. Since the siding is generally 
between the studding and the concrete, heavy nailing is not needed to hold it in place 
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until the concrete comes against it. In placing the concrete avoid unnecessary lifting 
by leaving off a few cf the boards at the top of the form until they are needed. 
However, if chips or blocks fall inside the forms, carefully remove them before pro- 
ceeding with the work. 

See that the forms are lined up properly before beginning to fill them, as they 
must not be disturbed after the concrete is in place. 


HOW TO CLEAN FORMS FOR CONCRETE. 

If new forms are wet before the concrete is placed and allowed to remain in 
position until it has thoroughly set, bits of concrete will seldom stick to them. For 
very particular work, or where forms are to be used more than once, it is advisable 
to coat them, previous to erection, with soft soap or oil. Linseed, black or cylinder 
oil is suitable, but kerosene is not good. Upon taking down the forms immediately 
clean off all bits of concrete clinging to them. For this purpose a short-handled hoe 
is convenient, but it must be used with care so as not to gouge the wood. 
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Forms FOR ROUND CONCRETE TANKS. 
THE PLACING AND PROTECTION OF CONCRETE. 

All other things being equal, the strength of concrete is dependent upon its 
density or compactness. Where possible, the easiest way to render concrete dense 
is by mixing and placing it wet. For very wet concrete the forms must be tight, SO 
that the liquid cement cannot escape. To give a neat finish to the surfaces, which 
will later be exposed, force the larger stones back from the outside bv running a 
straight spade or a wooden paddle down in the concrete next to the wall forms and 
working it back and forth. 

It frequently happens that very wet concrete cannot be used. To make a drier 
mix dense and strong, tamp or ram it into place with a heavy wooden or iron tamper. 

Exposed surfaces of freshly placed concrete should be shaded to protect 
them from rain, dust and the hot rays of the sun.  Freezing injures freshly 
placed concrete. Hot water and salt are sometimes used to counteract the frost 
action ; but, on the whole, it is better to attempt no outside work in winter. During 
the early months of spring and autumn see that no frozen sand, gravel or rock is used 
in the work. Jn summer ordinary forms for walls supporting no loads may be removed 
after the concrete is three davs old, but 7” cooler weather they should not be touched 
for five days. 
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The following is an extract from a paper read before the Gloucestershire Engineering 
Society by Mr. J. S. E. de Vesian, M. Inst. C. E.—ED. 


QuiTE recently Messrs. Mouchel & Partners (the author’s firm) designed a chimney 
at Nuneaton for the Griff Colliery Co., at their Clara Pit, and it is proposed to take 
that chimney as a basis for these remarks. 

The Clara Pit commenced work about 19 years ago, when a brick shaft was 
erected 100 ft. high and 7 ft. internal diameter at the summit. This was sufhcient 
until a year or two ago, when to cope with the extra haulage, the coal face being now 
some three miles from the shaft, new engines and boilers were put down. 

As no extra chimney shaft was provided, it was necessary to burn a very much 
better quality coal, and it was not possible to make use of the pit slack as before. 

Some five or six years ago the brick chimney began to lcan over towards the 


MAKING THE BLOCKS FOR MoNOSHAFT CHIMNEYS. 


engine-house, and as it was then found to be 4 ft. 6 in. out of plumb, it was decided 
to have it straightened. This was donc by cutting a course of brick away and inserting 
steel wedges, and then gradually withdrawing these until the chimney regained its 
original vertical position. 

In the firebrick lining a course of unburnt firebricks were inscrted, and as the 
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chimney came up straight these squeezed out and brought the lining plumb up with 
the chimney. 

At the present time this chimney is again more than 2 ít. 6 in. out of plumb in 
the same direction. These facts, together with the question of economy, were the 
chief reasons for the adoption of a Monoshaft chimney. 

The Monoshaft chimney is only about one-third the weight of the brick shaft, 
and therefore the pressure on the ground is reduced very considerably. In view of 
the fact that the Monoshaft chimney is carried on a reinforced-concrete foundation 
slab, any uneven settlement would be bridged over by this slab. In addition to this, 
the shaft proper is reinforced in a very practical manner, and even if the movement 
did take place it would be a movement of the whole mass, and not of one particular 
part ; and it is, therefore, extremely unlikely that any crackling would occur as would 
be quite likely to happen to a brick shaft. 

In a brick shaft the weight of the 
shaft and the strength of the mortar 
joints constitute the strength of the 
chimney, and as the strength in tension 
of mortar joints is very small, the 
weight is the only factor of stability. 

It is usual to assume a wind 
pressure of 50 lbs. per sq. ft., equal to 
roo miles per hour, and the width of 
base and weight of chimney must be 
such as to withstand this, with a suit- 
able factor of safety, without putting 
any tension on the material at all. 

In a Monoshaft chimney the steel 
reinforcement takes all the tension, so 
that the weight can be eliminated to a 
very great extent, and reduction in 
weight generally means a reduction in 
cost, although not in the same propor- 
tion in this case, as the steel used is 
bulk for bulk about ten times the cost 
of brickwork. However, as the steel 
required is only a very small proportion 
of the bulk, the prices of Monoshafts 
are usually much less than brickwork 

CHIMNEY AT NUNEATON IN COURSE OF CONSTRUCTION. chimnevs. Of course, it might just 

happen that the site of a chimney was 

very near to a cheap brickfield, and then prices would not compare so favourably, 

although at Nuneaton, where ordinary bricks could be bought at 18s., and special 

bricks for chimneys at 21s. delivered (per 1,000), the price of the Monoshaft chimney 
was less than for a brick shaft of similar dimensions. 

It might be mentioned here that attempts have been made to build brick chimneys 
in cement mortar, but in no case has the result been successful, and often it has been 
necessary to take the chimney down owing to the development of large cracks. 

The usual rate of building brickwork shafts is about 3 ft. a day, and in this height 
there would be over 4 in. of mortar in the joints, so that in three days there would 
be about 1 ft. of mortar. Аз this mortar would take much longer than three days to 
set, there is a danger of the work getting out of the perpendicular from that cause. 
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Experience has proved in all reinforced concrete worx, that the insertion of steel in 
the concrete gives practically a new material, in fact an elastic stone, and all cracking 
tendencies are reduced to a minimum, whilst the cement mortar sets more rapidly. 

In none of the chimneys (now over тоо) erected by this new process has any 
crackling taken place in the reinforced concrete block work. 

The contract for the Nuneaton shaft was signed on Saturday, June 25th, топо. 
The following week was occupied in the preparation of the working details, and in 
setting out the site, and getting the timber and material required in the construction. 
The work was completed and put into use by August 25th. The dimensions of the 
shaft were the same as the former brick 
one before mentioned. 

The special block used in this 
method of chimney construction—in 
place of the usual reinforced concrete 
method of shuttering and filling in in 
position—was devised by a Belgian 
engineer, M. Dumas, and has a claw- 
shaped socket at one end, this being 
the essential point. Each block is ro in. 
deep, and of a width and length which 
can be varied for each particular shaft, 
care being taken in the designing to 
make them of such size that they shall 
not be unwieldy. 

The internal part of the claw 
allows of the passage of the vertical 
reinforcement, thus securing а good 
bond; this socket is also of a sufficient 
width to allow the plain end of the 
next block to be inserted for a variable 
distance, thereby making it possible to 
reduce the diameter of successive 
courses, and effecting any desired taper 
to the shaft. In addition to this, the 
outside of the claws, coming at every 
external angle, forms an effective 
vertical rib, and gives a very good 
appearance to the shaft quite absent 
from brick chimneys. The space left 
in the sockets is filled up with a 
semi-dry concrete similar to the con- 
crete of which the blocks are built, and 
this leaves the whole one solid mass 
the adhesion being perfect between one block and another. 

The usual method of making the blocks on the Continent is to have a very large 
number of cast-iron moulds, sufficient to mould the number required for the day. 
These are filled with an ordinary wet mixture and left until set, and then the moulds 
are taken away and used again, leaving the blocks to mature until required for use. 

At Nuneaton two moulds only were used, and as many as 8o blocks a day were 
made with them. This was accomplished by making the blocks with a semi-dry 
mixture and watering after the crust had set, in the same way as ordinary concrete 
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building blocks аге made, special care being taken with the moulds to have them of 
such a shape as would come away from the green concrete without breaking away any 
corners. 

At the bottom of every triangle wood fillet is placed ; this, when taken out of the 
concrete, gives a groove to receive the horizontal reinforcement which is tied to the 
vertical by link steel. Every block has two longitudinal reinforcing bars in it to 
enable it to be handled without risk of injury. 

The best description of a Monoshaft is to liken it to a split cane fishing-rod. 

A splendid system of telescopic centering allows of the scaffold being removed 
every four or five courses, as may be desired, the only timber used being the flooring 
of the area of the chimney. Two sets of centres being used, which move alternately 
as the work proceeds, the timber is laid direct on to the telescopic centering. 

The blocks and mortar are wound up, cither by hand or machinery, through a 
trap door in the scaffold. 

The effect of high temperatures on concrete is very small, up to about 700° F. : 
it appears to have a hardening effect. 

1,300° F. is the heat registered at the summit of a 180-ft. Monoshaft at Haren, 
Brussels, and no damage in any way has been done to the structure, which was lined 
with firebrick for only 50 ft. It is usual to line with firebrick in the lower part of any 
chimney, and higher temperatures can be arranged for by increasing the height of this 
lining. 

It will no doubt interest you to know that Monoshaft, Ltd., have constructed 
a chimney at Hanwell, near London, under the direction of P. C. H. Scott, a Gloucester 
engineer. Опе has also been built at Newcastle-on-Tyne for the Co-operative Whole- 
sale Society. 

The chimney for the Power Station at the Brussels Exhibition is to be removed 
at the termination of the Exhibition. This shaft is 230 ft. high, and experiments are 
being carried out to see what angle a Monoshaft could assume without breaking. 
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CONCRETE 

BRIDGE, 

MEADOW STREET, PITTSBURG, U.S.A. 
By N. S. SPRAGUE, M.Am.Soc.C.E. 


One of the finest examples of the use of reinforced concrete for arch bridges is in the 
Meadow Street Bridge, in Pittsburg, Pennsylvania, described below. We are indebted to 
** Engineering News '' for the particulars of this work and also for the line drawings. —ED. 


THE Meadow Street bridge is the largest reinforced concrete bridge in the vicinity 
of Pittsburg, and is the first bridge of its kind built by the City. For this and 
aesthetic reasons special consideration was given to such artistic features of the bridge 
as were possible, without materially increasing the cost of the structure, in order to 
give the bridge a pleasing appearance. 

The plans provide for a reinforced concrete arch bridge 454 ft. in length, having 
a 30 ft. roadway and two ro-ft. footpaths, with a maximum clear height at the centre 
of the arch of 78 ft. The length of the main arch span is 209 ft., with a rise of 46°14 ft., 
and consists of three arch ribs, the two outside ribs being uniformly 3 ft. 9 in. in thick- 
ness and the central rib 5 ft., and all three ribs having a depth varying from 5 ft. 
at the crown to 6 ft, 2 in. at the springing line. The profile of the slopes and the 
location of proposed streets in the valley determined the length of this span, 

The main arch ribs are connected at the panel points by 26 horizontal struts, 
each 12 in. in width. The depth of these struts is the same as the arch ribs, except 
near the crown of the arch. These struts are to provide additional lateral strength, 
against wind pressure and possible indeterminate secondary stresses. The main arch 
ribs spring from two main piers of cellular construction 37 ft. 9 in. long and 1, £t. in 
width. 

Between the main piers and the abutments are three viaduct approach arches, 
cach having a span of 21 ft. Calculations were made for two arch spans between 
these points, but it was found desirable to reduce the arch thrust at the top of the 
main pier as much as possible. Lor this and esthetic reasons, and also from the 
standpoint of economy, three spans were decided upon and adopted. 

The abutments are U-shaped, of cellular construction, the horizontal thrust from 
the approach arches being transmitted from the face wall of the east abutment by 
partition walls extending from the face to a point where the line of pressure intersects 
the rock surface. At the east abutment the thrust from the approach arches is trans- 
mitted to the face wall, which is reinforced by a buttress at the back of each main 
arch rib. The front and side walls of the east abutment are 13 in. in thickness and 
are designed for vertical pressure and also to act as a beam if necessary, the top of 
the walls being covered and tied together with a reinforced-concrete slab, varying 
in thickness from 8j in. at the centre line of bridge to 12} in. at the curb lines, simular 
to the type used on the main spans, and extending 28 ft. back from the face of the 
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abutment. Beyond this point the side walls are designed as ordinary retaining walls 
with spread footings and to act as cantilevers. 

The side walls on the west abutment are 37 ft. in length ага designed as ordinary 
retaining walls, the same as the portion of the side walls of the east abutment men- 
tioned above. 

The roadway of the bridge, which is of reinforced concrete slab and floor beam 
construction, is supported on spandril girders supported by columns 24 by 24 in., 
spaced 15 ft. centre to centre, resting upon the main arch ribs. The roadway on 


View of bridge during construction. 


REINFORCED CONCRETE BRIDGE, MEADOW STREET, PITTSBURG, U.S.A. 


the approach spans is supported ın a similar manner except the span is 21 tt., and the 
columns, which are 24 by 36in., extend to the rock below, the greatest length of the 
columns of the approach spans being 39 ft. and on the main span 20 ft. in length. 

The footpaths, which are reinforced, have a uniform thickness of 6 in., with a 
slope of 1 in. to the foot to provide drainage, are 10 ft. in width and are supported on 
beams acting as cantilevers spaced 7 ft. 6 in. on the main span and 7 ft. on the approach 
spans. 

Substantial concrete railing posts are provided on both the approaches and the 
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main span, having the same spacing as the columns. Between these railing posts 
will be placed, under a subsequent contract, an iron bridge railing of appropriate 
design. 
The bridge is lighted by four ornamental lamps placed on the curb lines opposite 
each main pier. 
REINFORCEMENT. 

An efficient, economical and practical type of reinforcement for the main arch ribs 

was found more difficult to design, without infringement upon patent rights, than the 
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REINFORCED CONCRETE BRIDGE, MEADOW STREET, PITTSBURG, 1 
arch itself. After considerable study the effort was abandoned and fabricated units or 
steel skeleton were shown on the plans, the contractor having the privilege of substi- 
tuting any other approved form of reinforcement. The Monolith bar, manufactured 
by the Monolith Stecl Co., type of reinforcement was used for the entire work on the 
bridge. The reinforcement is open hearth medium steel complying with the require 
ments recommended by the American Railway Engineering and Maintenance of Way 
Association. 

The reinforcement for the main arch ribs consists of eight 14-in. grooved bars, 
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into the grooves on the rj-in. bars, and spaced about 1 ft. apart, 
making a latticed girder effect, placed vertically and curved to ft the 


dy cR TOR arch rib. The top 

| ЕЕ =) = and bottom bars were 
Š kept about 4 in. from 
К, | | the upper and lower 
3t | surfaces of the con- 
à crete. The latticed 


girders were placed in 
pairs on each side of 
the rib, then trans- 
versely across the 
upper and lower bars 
of the latticed girders 
were placed stapled 
bars of the length 
sufficient to include 
the outside girders. 
The staples were then 
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settlement of the forms on account of the load of the ribs. The strut reinforcement, 
which was made in two pieces of latticed girder frames, similar to that of the ribs, 
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was stapled to the longitudinal bars in the main ribs, the struts being placed at 
panel points on the bridge, the main bars being 14 in. The pieces were lapped past 
each other in the middle of the struts and U-bolted after concreting and keying the 
ribs strong enough to develop the bars. The struts were then concreted. 

Where the column bases joined the ribs, shear reinforcement was placed in the 
ribs to take care of the secondary stresses owing to the concentrated load of the columns, 
and bars passed from the rib into the column base to carry the component of the 
column load passed along the rib axis. The column reinforcement is 1}-in. vertical 
bars, stapled at 9 in. intervals and clamped around the hooped bands, which were 
Il in. rounds. 

The spandril girders which were built above each arch rib, spanning from column 
to column on 15-ft. centres, were reinforced with 5 13-in. bars, laid horizontally, and 
2 1}-in. bars curved to fit the soffit of the arch. Top reinforcement was placed over 
the columns, although the spandril girders were designed as simply supported. 

The floor beams were supported by spandril girders, ‘having a span of 15 ft. 
centre to centre crosswise of the bridge. The floor beams were reinforced with 4 
1J-in. bars and I r-in. bar, grooved as before, negative reinforcement being placed 
over the centre column. 

The reinforcement in the roadway floor slabs is #-in. grooved bars, spaced 6 in. 
apart, centre to centre, on a span of 7 ft. 6 in., centre to centre, between the floor 
beams in a slab of minimum thickness of 81 in. 

The reinforcement for the footpath slab is §-in. grooved bars, placed 6 in., centre 
to centre, in a 6-in. slab of 7 ft. 6 in. span, between footpath brackets. The reinforce- 
ment for the floor svstem was set in place and wired to the forms before concreting. 

Round bars were used in the piers at the end of the main span near the surface 
of the concrete, to prevent cracking of the thin walls. The reinforcement was ?-in. 
round rods spaced 24 in. apart and wired in place. 

The specifications for cement were drawn in accordance with the standards 
prescribed for this material by the Committee on Uniform Tests of Cement ot the 
American Society of Civil Engineers. The main arch ribs, spandril columns, spandril 
arches, approach arches, floor system, parapets and railing posts are made of concrete, 
mixed in the proportions of I : 2 : 4. The concrete for the main piers, approach 
columns and abutments is mixed in the proportion of 1 : 2} : 5. Broken stone, 
evenly graded from } in to 2} in. in diameter, is specified for the main arch ribs, and 
gravel ranging in size from } in. to I} in. is required for all other construction. 

DESIGN. 

The main span is a five-centred arch approaching very closely to a parabola. 
The spandril girders are designed to act as beams, the object being to provide for 
expansion at the main piers. On the approach spans the arches are designed for arch 
action under the dead load and to act as cantilevers under the live load. Expansion 
joints are provided for the roadway construction at the main piers and abutments. 

The following assumptions for loading were made :—Dead load : Concrete, in- 
cluding reinforcement, 150 Ib. per cu. ft. ; asphalt pavement, including 5-in. concrete 
foundation, filling of gravel under the pavement and street car track construction 
complete, 140 lb. per cu. ft. Live load: A street car, weighing 35 tons, was used 
in the design of that portion of the roadway covered by tracks. A uniform load of 
100 Ib. per sq. ft. was used over the balance of the roadway and бо lb. per sq. ft. 
on the footpaths. 

The working stresses used in designing the bridge were as follows :—Tension : 
Steel in floor slabs and main arch ribs, 12,000 lb. per sq. in. ; steel in beams and 
girders, 15,000 Ib. per sq. in. Compression: Concrete for local members, 600 lb. 
per sq. in. ; concrete for main arch ribs, 500 lb. per sq. in. 

" "ud contractors for this work were the Friday Contracting Co., of Pittsburg, 
S.A. 
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In some former issues we published articles on the different appliances for concrete making, 
and we now intend giving a further series of articles on additional concrete mixers. —ED. 


CONCRETE mixers may be divided roughly into two main divisions : (1) continuous 
mixers, in which the material is continuously fed and issued from the machine ; 
and (2) batch mixers, in which a certain quantity of concrete is fed and mixed 
and then discharged as a batch. There are advocates for both types of machine, 
and certainly, if operated correctly, both can do excellent work. 

We illustrate in this article a batch mixer of a rather different type, in that 
an endeavour is made to construct a mixer which was to be used as a batch mixer 
and could not be used continuously, the contention being that this is a necessary 
precaution, because, if the material is fed into one side of the mixer and out of the 
other, it may not be turned a sufficient number of times to secure proper mixing. 
Generally, it may be remarked that this mixer is fed with the materials while 
revolving in the mixing direction and must be reversed in order to discharge the 
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mixed concrete. It is a new type of machine made by a firm of manufacturers 
who have built concrete mixers for a great many years past. 
BARKER 6 HUNTER'S PATENT REVERSIBLE CONCRETE MIXER. 

THE mixer consists of two truncated cones, the bases of which merge into a cylinder. 
The ends of the cones are mounted with roller path bearings and rotate on rollers 
mounted on a suitable frame. In the largest circumference of the cone there are 
openings from which to discharge the mixed materials ; at each of these openings 
there is an overlapping plate, so that there is no direct opening on a radial line, 
but each opening is in a circumferential direction. The materials are mixed as the 
cone rotates in the one direction, and discharged when the cone rotates in the other 
direction ; the machine is therefore a compulsory batch mixer, as the operations 
of filling and discharging cannot be performed simultaneously. The cone is 
rotated in both directions by spur gearing. 

The mixer is fitted with two hoppers, and can be charged with materials from 
either or both ends, which are always open, with the cone either stationary or in 
motion. The cone is run at 12 to 15 revolutions per min., and each revolution 
ensures 4 complete turnings of the materials in the cone. The cone empties itself 
in 2 revolutions when it is run in the reverse direction and will deliver into a truck, 


skip or trench. 
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The time required for mixing a batch in either size is about go seconds—viz. : 


Seconds. 
To charge materials into cone 20 
To mix completely 60 
IO 


To discharge 


go 
or 40 batches per hour. | 

On a contract now in progress an output of 309 cu. yds. per day of ro hours 
has been quite easily maintained with a 1 cu. vd. machine, the hoppers in this 
instance being 25 ft. from the ground level and all the charging done with a steam 
crane, not the most favourable conditions for a maximum output. 

The smaller machines, } and ! cu. vd. size, are driven by two belts, one 
open and the other crossed, and in this manner the cone can be run in the mixing 
direction and reversed for discharging, and the concrete, when made, delivered into 
a barrow or skip thoroughly mixed and uniform in quality and in the small 


quantities suitable for reinforced concrete work. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure.—ED. 


THE CONCRETE INSTITUTE. 


THE DISSOCIATION OF COMPETITIVE DESIGNS 
AND TENDERS 


Paper by R. W. VAWDREY, B.A., Assoc.M.Inst.C.E. 

The following ts an abstract of a paper under the above title which was read by Mr. К. W. Vawdrev 

at the meeting of the Concrete Institute held on February 2nd, 1911, Mr. Alexander Ross, M.Inst.C.E. 
(Vice-President), tn the chair. 
It was, said the author, continually being forced upon the notice of all those engaged 
in designing in reinforced concrete that the condition of the industry at the present 
time was very far from being such that the best work in design was the most successful 
or the most remunerative ; in fact, he went so far as to say that a very considerable 
premium was placed on slovenly or reckless work as compared with conscientious, 
careful, and well-thought-out designing. He proposed, therefore, to deal with the 
subject in the following order : 

(1) The description of the existing conditions. 

(2) The causes which have led up to them. 

(3) What he believed to be the remedy. 

He commenced by giving a few typical examples of what he considered unsatis- 
factory competition. 

From these it was seen that the specialist had usually to undertake the following 
work free of charge, and, moreover, to do it at the same time that a large number of 
his competitors were doing exactly the same thing. 

(1) To prepare preliminary designs for the structure in accordance with the 
general conditions required by the engineer or architect in charge of the work. This 
often necessitated the specialist’s obtaining information as to the site, nature of 
foundations, etc., at his own expense. 

(2) To prepare lists of quantities upon which contractors can tender, and to be 
financially responsible for the accuracy of these quantities—:.e., be prepared to pay 
the value of any omissions which may occur. He had also to accept financial 
responsibility for the stability of the structure. 

To the first of these items in itself there was, of course, no objection, as it is the 
work for which a specialist exists, though all the necessary information as to the site, 
etc., ought clearly to be supplied by the engineer or architect. The grievance lay 
in the fact that the specialist should be asked to do it for nothing, and at the same 
time that a large number of his competitors were doing the same thing. Given certain 
conditions, any number of equally competent and experienced designers would generally 
arrive at more or less the same result. The design, therefore, frequently gained very 
little by such competition, while the designers lost a great deal. 

The second requirement, however—.e., the preparation and guaranteeing of 
quantities at a preliminary stage of the work— was most objectionable, and was due 
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entirely to the necessity, when the present methods were adopted, of enabling con- 
tractors to tender in competition before any particular design had been chosen. 

It was no doubt often advantageous from the point of view of the prospective 
owner of a structure that he should be able to invite competition in design as well as 
in price. Yet it was comparatively seldom that architects were asked to prepare com- 
petitive designs for any but large and important public buildings, and, so far as he 
was aware, to invite tenders for the construction of a building which had not yet 
been designed was absolutely unheard of when any material other than reinforced 
concrete was being considered. The most that was required in such cases, even 
when competitive designs were invited, was for an architect to produce his scheme 
as a whole, on the understanding that the successful competitor would be subsequently 
employed to carry out the work, or that the successful design might be purchased 
at a fixed price. 

But the case of the reinforced concrete specialist was far different. Не was 
invited not only to prepare a design, but to do so in sufficient detail to enable a number 
of contractors to tender for its construction, and it was for this purpose that it was 
usually necessary, in addition to the preparation of the design, to issue complete 
quantities. This was detailed work which ought not to be done until after the adoption 
of a particular design, and which should be paid for by the client, as it would be in 
almost any other circumstances. 

The specialist's grievance, however, did not end here. Не was not only required 
to prepare quantities, but was also compelled to make himself financially responsible 
for the accuracy of his quantities and for the stability of the structure. An individual 
engineer or architect, designing under ordinary circumstances, was, of course, respon- 
sible for the accuracy of the quantities or designs which he produced ; but unless he 
could be convicted of culpable negligence, it would be unheard of to compel him to 
pay the contractor who might subsequently carry out the work for any portion which 
was not included in the quantities issued by him. 

CAUSE OF THE ABUSES. 

We now come to the reason why this unsatisfactory state of affairs existed to a 
far greater extent in reinforced concrete than in other classes of engineering or archi- 
tectural work, such as steelwork, brickwork, masonry, etc. Brieflv, it appears to be 
twofold : First, because reinforced concrete was of far more varied and gcneral applica- 
tion than the other materials mentioned ; and, secondly, because it was far more 
intricate in design. | 

A reinforced structure has to be designed not only externally, but internally. 
The calculation of external dimensions of a beam formed only a small portion of the 
whole amount of designing which was required. It was the quantity and arrange- 
ment of the steel in the inside of the beam which formed the crux of the question. 
And for this reason the design of a reinforced concrete structure might be more nearly 
compared to the design of a piece of machinery than, let us say, to that of a masonry 
retaining wall. 

Reinforced concrete differed entirely from anything that had preceded it. It 
was not a machine which could be manufactured and sold by those who have made 
a special study of it, nor was it a material the knowledge of which was simple and 
practically universal. It could, however, and eventually must be, used bv almost 
all classes of engineers and architects ; yet, unlike any other material of general applica- 
tion, its scientific use necessitated an amount of attentive study, and, above all, of 
practice, which could only be obtained by one who specialises in the subject. 

The ordinary constructional engineer or architect must therefore reconcile himself 
to the necessity of consulting a specialist if he wished to use the material in the best 
possible manner. The author supposed it was hardly necessary to say that in the 
use of the word “ specialist " there was no intention to differentiate between an 
individual engineer and a commercial firm. The word was intended to include any 
man or firm who had given special attention to, and had a large amount of experience 
in, the design of reinforced concrete. 

The Remedy.—It was the underlying objection to the necessity for a specialist 
which had led to the confusion of the specialist designer with the contractor. This 
was, in his opinion, the root of the evil, and the remedy appeared to be in a dissocia- 
tion of competition in design and competition in price. These were now almost 
invariably combined in one. 
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If this combination could be avoided he was convinced that it would be the better 
for the specialist designers, the architect, or engineer, and the owners of reinforced 
concrete structures alike. 

No doubt there might be many ways of obtaining the desired results, but the 
procedure which the author advocated was as follows : | | 

When it was decided that a particular structure should be carried out in rein- 
forced concrete, in all ordinary cases one reliable specialist firm, and one only, should 
be asked to prepare preliminary designs and an estimate of cost, on the understanding 
that if that appeared satisfactory that firm should be employed to prepare complete 
working drawings for a definite fee, previously arranged, just as such drawings would 
be prepared by the engineer or architect himself, if the matcrial were brick or masonry, 
or mass concrete, for which no specialist is necessary. When these drawings had 
been made and approved, and not before, tenders for the constructon of the work 
should be invited from contractors. 

But just as on certain occasions it might be desirable to invite competitive designs 
for, let us say, an important masonry bridge, so it might be in the case of a concrete 
structure, and a few firms should then be invited to prepare designs in competition. 

Where designs were invited in competition, a sum should be provided for pay- 
ment to the unsuccessful competitors, as was frequently done in architectural com- 
petitions. 

Discussion ensued, in which the following took part: Messrs. C. F. Marsh, M.Inst.C.E., С. C. 
Workman, C. H. Colson, M.Inst.C.E., G. Corderoy, Е.5.1., W. A. Haskins, L. Serraillier, T. B. 
Shore, E. F. Etchells, E. P. Wells, J.P., and Alexander Ross, M.Inst.C.E. 
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THE ARCHITECTURAL AND ENGINEERING 
FEATURES OF THE ROYAL AUTOMOBILE 
CLUB BUILDING. 

Paper by S. BYLANDER (Vice-Chairman J.l.E.) 


The following is an abstract of а paper read by Mr. S. Bylander before the Junior Institution of 
Engineers оп February 24th, 1011. 


ARCHITECTURAL FEATURES: PLANNING AND DECORATION. 


THE new building for the Roval Automobile Club occupies a portion of the site of the 
old War Office, with a frontage of 228 ft. west of the well-known Carlton Club. The 
facade to Pall Mall has been treated in the style of Louis NIV. The main entrance 
in the centre is well marked by being placed under a boldly projecting colonnade or 
portico and sculptured pediment. This colonnade is formed of detached Ionic columns. 
Similar columns, but three-quarter ones, have been intreduced on either side of the 
portico, and the facade is finished at the east and west ends by minor entrances 
accentuated bv the architectural treatment above. The ground floor storev has 
decplv recessed semi-circular headed windows, and, being well rusticated, looks capable 
of supporting the superstructure. 

The main cornice, as well as part of the parapet, in accordance with the conditions 
of the Crown lease, had to line with those of the Carlton Club, which condition to a 
certain extent determined the proportions of the façade, inasmuch as the club required 
three storeys between thc entablature and the ground floor level. 

It may be of interest to architects to mention that the lcase stipulated that no 
part of the building. except the portico and chimnevs, should project above a certain 
defined line inclined to the horizontal over the street—/.e., a line drawn from а point 
on the building on the opposite side of the strect, 5 ft. 6 in. above the pavement 
level, through the nib of the coping to the parapet. | 

The facade at the back overlooking Carlton Gardens has been treated in the same 
stvle, but is of a simpler nature, no carving bcing introduced and pilasters being used 
instead of columns. Both of the façades have been faced with Portland stone ; the 
roof is covered with green Westmorland slates, and the dressings are in copper. 
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On passing through the fine wrought iron main entrance gates, one is immediately 
in the entrance hall ; the architectural effect from this point is very striking. To the 
left and right (east and west) are steps leading to the reception room and strangers' 
room respectively. The former has folding doors opening into the restaurant on the 
same floor. The latter opens on to the smoking room. 

On the axis of the main entrance and entrance hall, a wide flight of steps leads to 
a magnificent two-storey elliptical vestibule, the upper portion being treated with 
the Roman Doric order and a large coved ceiling, in the centre of which is a horizontal 
wrought iron ceiling light, giving excellent light to this portion of the building. The : 
central pair of folding doors to the great gallery at the back is also on the axis of 
the main entrance, which is the minor axis of the elliptical vestibule. On the major 
axis of this vestibule and east and west of the same are well proportioned corridors, 
at the ends of which are the main doors of the restaurant and club room. 

The two electric passenger lifts have been formed in elliptical lobbies. which, as 
well as the main staircase and post office, are reached through one or the other of the 
various openings around the vestibule. Service and cloak rooms have been formed 
off the said corridors leading to the restaurant and club room. The great gallery is a 
two-storev room, and has a balcony and platform. 

It should be noted that the building is planned on the French axial system, 
which not only lends itself to a fine monumental treatment as regards decoration, 
but also adapts itself with special advantage to a steel frame construction, on account 
of regularity and repetition of dimensions and details. 

On the first floor is the members’ dining room, being of the same size as the 
restaurant on the ground floor ; in the style of William Chambers. This floor also 
contains a billiard room, card room, committee rooms. library, etc. 

The chief feature of the second floor is a fine Georgian room opening on to the 
terrace overlooking Carlton Gardens, St. James' Park, which forms the roof of the 
great gallery. This floor is used chiefly for club offices ; a few members’ bedrooms 
have also been provided. 

The third and fourth floors are solely given up to members’ bedrooms, and the 
fifth floor, which is built at the rear of the building only, in accordance with the con- 
ditions of the lease, has been planned as servants’ quarters, with the exception of a 
portion next to the main staircasc, which is set apart for a photographic studio. 
There are in all over a hundred bedrooms. Some small suites have been provided 
consisting of a sitting room, bedroom, and bath-room, each having its own front door. 

Descending to the entrance hall on the ground floor, access is obtained by the 
two-way staircase to the lower ground floor and basement. The east portion of the 
former is entirely devoted to kitchen and kitchen services, whilst in the west portion 
the main cloak room and lavatories arc placed. 

A wide corridor leads to a gallery overlooking the swimming bath, fencing room, 
and racquets courts. 

The chief features of the basement floor are the vestibule, swimming bath, and 
Turkish bath, in which the Greck stvle of architecture has been adopted. This floor 
also contains a fencing room, three racquets courts, as well as private bath and dressing 
rooms, etc. 

ENGINEERING FEATURES. 

It would hardlv occur to the casual observer of the finished building that within 
its monumental walls were hidden ncarly 2,000 tons of constructional steelwork, 
constituting the skeleton or frame upon which the walls and floors are supported, 
but, as a matter of fact, not even the solid looking front wall is self-supporting. 
The inside portions of most of the piers are hollow, the space being used for ventila- 
tion ducts, pipes, cables, etc., all thc interior walls being as thin as possible and carried 
at every floor level on the steel frame. 

The skeleton frame or cage construction was adopted as far as was consistent 
with economy, and in conformity with the London Building Act before it was amended. 

The dimensions of the site аге: Length, 228 ft. ; average depth, 148 ft. ; the 
height of the building being eight storeys above the basement floor, with the addition 
in parts of two mezzanine floors. 

Several girders were required to span over large rooms 4o ft. wide, and to carry 
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about 350 tons each. The weight of such girders varied from 15 tons to 24 tons. 
Special devices for making, handling, and erecting had to be arranged. 

The chief engineering considerations in the design were sound construction. 
stability, rigidity, and fireproof qualities. The entire structure has been designed 
with a factor of safetv of four (based upon the breaking strength of steel, now а 
standard in good engineering practice. 

Economy was carcfully studied, preliminary drawings and calculations being 
made to ascertain the cheapest and best type of construction, consistent with the 
architectural requirements. Every piece of steelwork was carefully made to the 
exact strength required in acordance with calculations, in order to avoid any waste 
of material, and it may be added that the dcsign and calculations throughout were 
made with the greatest care and accuracv. 

The sctting out and spacing of the columns and main girders were primarilv 
dependent on the architectural design. The building was designed on the axial 
system, where any axis is parallel with or at right angles to the main front building 
line, the centre lines of columns being parallel with the front building line, or perpen- 
dicular thereto. Simplicity and regularitv in planning is of great advantage in steel 
frame construction, whilst irregular planning considerably increases cost and time of 
erection. 

The preparation of the steel and architectural plans procceded in the following 
stages : 

(1) Skeleton plan on which the general design was defined, including size of 
rooms, position of walls, general requirements as to kind of ceiling and heights of 
rooms, and positions of stairs ; on the corresponding steel plans were shown the positions 
of columns and main girders, and their approximate size. 

(2) Skeleton set, giving dimensions of centres of columns ; positions of walls. 
accurate to scale with their thickness dimensioned ; position of partitions ; levels of 
floors and staircase landings ; openings in floors ; size of principal ducts and shafts ; 
kind of material of exterior walls and partitions; also typical details and spandril 
sections. From these drawings framing plans and schedules of columns were made. 
All columns, girders, and beams were shown and sections given ; typical steel details 
and spandril sections wcre made sufficient to illustrate the design. 

(3) Working drawings :—These, containing further modifications and improve- 
ments of the skeleton set of drawings, are completely dimensioned, and accompanied 
by all details including sub-contractors’ work. The working drawings for the stecl- 
work were prepared as the work proceeded, and everv detail was carefully studied 
to ascertain if anv improvement could be made with due regard to the internal decora- 
tions, stoncwork, floor construction, ventilation scheme, plumbing, etc. 

Detail drawings of steel in relation to stonework and decoration work were made 
to illustrate the construction required. 

(4) The shop details and steel order lists were then prepared from the working 
steel plans. 


Calculations. —Two scts of calculations were made for the steclwork, one approxi- 
mate in connection with the skeleton plans, and the other accurate and final for the 
working drawings. The most important part of the design was the preparation of 
the calculations and stress diagrams. The calculation work was divided in the 
following manner: (1) Load sheets for beams and girders ; (2) load sheets for columns 
and struts ; (3) stress sheets for beams and girders ; (4) stress sheets for columns and 
struts ; (5) column load sketches, giving accurate conditions of eccentric loading on 
columns ; (6) detail sketches in connection with which strength of details and connec- 
tions were calculated. 

Printed forms were used as far as possible. 

It was necessary to use a complete and carefully thought-out system in order to 
get through the work with the required accurary in the time available. For the 
purpose of reducing the work and obviating as far as possible clerical errors, all loads 
were figured in one and the same unit—viz., thousands of pounds, and not in tons or 
cwts., and this unit was for shortness called “ Kip," an abbreviation of the word 
‘‘kilopound.” The unit of length was 1 in. Bending moments were figured in kips 


216 


(B; CONSTRUCTIONAL ROYAL AUTOMOBILE CLUB BUILDING. 


and inches. Stresses were given in kips per sq. in. The author has used this system 
with good results for the last six years. 


Marking.— For accurate calculation, economic designing, and speedy erection 
an claborate system of marking the different steel pieces was adopted, every piece 
having a different mark. The basis for the marking was the numbers of the columns. 
On the east side of the centre line of the building the columns were numbered from 
I to 70, and on the west Іо to 170, and in such a manner that similarly located columns 
had like numbers ; for instance, column 5 would be similar but opposite hand to 
column 105. АП beams and steel pieces around a certain column were marked with 
a number, beginning with the column number. For instance, a beam in the panel 
next to column 164 was numbered 1641, 1642, 1643, etc. 

Columns or vertical members were referred to by their number and the storey 
or tier they belonged to. Beams or horizontal members were identified by number 
and name of floor. The lowest tier of column 115 is called Framing Tier “ A " Column 
I15, and marked А115; and a beam forming into same at the basement floor is called 
basement floor beam, 1151, and marked B. Fl. 1151—a similar beam at the second 
floor is marked 2 Fl. 1151. 


Eccentric Loading.—There are in all 132 columns wholly or partially extending 
from the foundations to the roof, with connections at eight different floors. The 
columns are figured not only for direct compression load, but also for eccentric loading 
applied on different brackets on any side of the columns. 

Framing Plan.—This constitutes the collected and concentrated result of the 
particulars given in the calculations, and that ascertained from the sections and 
constructional details. Section lines with references Nos. or letters are shown on the 
framing plans indicating that sections or details are made. The framing plans show 
the size, position, as well as mark and level of the different members of the structure. 
A diagram plan indicating each membcr with a single heavy line can be made more 
accurately and distinctly than a plan showing all details and actual views of the 
members, particularly if the scale is small. 

Foundations.—The foundation work was rendered difficult on account of the 
depth required (about 37 ft. below street level), the permanent water level being 
higher than the lowest part of the structure. 

The swimming bath and the ejector chamber are constructed as tanks immersed 
in water. Ап asphalte damp course $ in. thick is laid below and around the founda- 
tions, and under the 12-in. thick basement concrete floor. It was found dunng 
construction that the permanent water level was about 32 ft. below street level, and 
that .bv pumping the water could be temporarily lowered to permit the concrete 
foundations being laid, sumps being constructed in different positions to collect the 
water. In some cases piling was resorted to to prevent the water undermining the 
adjoining foundations. The excavated ground consisted of gravel and sand, and was 
partly used for making concrete. It contained a small proportion of clay, but not 
sufficient to materially reduce the strength of the concrete. Tests were made, and the 
result indicated that the concrete used was about 5 per cent. to 10 per cent. weaker 
than Thames ballast concrete. The mixture consisted of 1 part of cement, 2 of sand, 
and 4 of gravel, passing 2-in. mesh. 

Each tier of column is, as a rule, supported on isolated foundations placed at 
different levels to suit drains, ducts, lift pits, baths, and surrounding work, the size 
in all cases being proportionate to the total dead load and part of the live load, a load 
of 5,000 lb. per sq. ft. being allowed on the ground. The average load on each column 
was about 300 tons, and the average size of column foundation 11 ft. by 11 ft. The 
columns were carried on two-layer steel beam grillages embedded in 1:2:4 gravel 
concrete. The centre line of the column above was marked on the top laver grillage, 
and the grillage set to exact position by means of a theodolite. This method ensured 
the columns being placed in correct position. The thickness of concrete below the 
beams was 18 in. above the asphalte course and 6 in. below same. 

The external wall of the Carlton Club next to the new building was underpinned 
the entire length. No cracks or settlement occurred either during underpinning or 
after the completion of the building, because the size of the foundations was well 
proportioned to the load. 
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Walis.—All the walls, with the exception of the east and west external walls, 
are supported on steel girders and steel columns. The internal partition walls and 
piers are built in 24-in. to 4-in. thick pumice concrete blocks or hollow brick tiles. 
supported at each floor level on steel beams or girders. In some cases the partition 
walls or piers for the decorative work are supported on the reinforced concrete floor 


Columns.—The steel columns are generally built up of angles and plates, the web 
plate being 12 in. wide and the flange plates 14 in. In some cases the section had to 
be of a smaller size to suit the diameter of the finished architectural column. 

The columns are made in two storev lengths and are spliced about 2 ft. 6 in. 
above the floor level, the upper tier being connected to the lower one by means of 
two 14-in. by 1-in. splice plates. А milled butt joint is relied upon for transmitting 
the load, great care being taken in machining it. The bcams are supported on angle 
brackets riveted to the sides of the columns. 


Central Well.—1t may be of interest to refer to the setting of the columns for the 
elliptical vestibule. The columns were set out in full-size on a template floor, and 
centres arranged to suit a line of a true ellipse. The webs of the columns were set at 
right angles to the tangent of the ellipse drawn through a point on the ellipse opposite 
the column centre, the line of the true ellipse being то in. inside the column centre 
line. This arrangement afforded easy connections for beams around the central 
well, and permitted the introduction of cantilevers. The steel columns form the core 
to the architectural columns in the vestibule and carry the external wall round the 
central area. The skvlight over the vestibule is carried on cantilevers riveted on 
the columns. 

Girders.—Thc heavy girders at the second floor were built up of plates and 
angles, having one, two, or three webs according to load span and depth allowable, 
which was limited by the requirements of the decorations. 

Floors. — The columns were placed generally 12 ft. apart, the main girder between 
the columns acting as floor beams, the span of the floor construction being about 
12 ft. 

The floors are constructed in concrete flat slab, about 6 in. thick, rcinforced by 
indented stcel bars. | 

АП the steelwork is cased with concrete at least 2 in. thick, properly secured by 
steel wire reinforcement. The concrete used for the floor construction consisted of 
I part cement, 2 of sand, 2 of broken brick, and 2 of clinker. 

Suspended Ceilings.—1n cases where the steel girders projected below the soffit 
of floors, and flush ceilings were desircd, a false ceiling made of concrete blocks carried 
on steel angles and tees was suspended from the floor above. 

Staircases.—These are constructed in concrete and carried on stecl beams and 
strings, with the exception of two staircases made in reinforced concrete. 

Roofs.—The roofs are constructed in reinforced concrete supported on stecl 
beams and struts. The flat roof is covered with a layer of asphalte } in. thick. 

Loads.—The lower floors and public rooms were calculated for a total load of 
220 Ib. per sq. ft., and the upper or bedroom floors for 160 Ib. per sq. ft. The weight 
of stonework was assumed to be 150 1b., brickwork 120 lb., brick and clinker concrete 
120 lb., and stone concrete 150 lb. per cu. ft. Allowances were made for special 
loads to be carried, such as fans, lift machinery, water tanks, heavy decorative work 
and concrete filling for making slopes on flat roofs. 

Stresses.—The steel was made to a carefully drawn up specification and inspected 
at the place of manufacture. The ultimate tensile strength of the stecl was from 
28 to 32 ions per sq. in. of original cross section of picce tested, and minimum clonga- 
tion of 22 per cent. in 8 in. The percentage of sulphur and phosphor was limited. 
and bending tests specified. The working stresses were : Beams : Tension and com- 
pression, 16,000 Ib. per sq. in. Built-up Girders : Tension and compression, 15,000 Ib. 
Shear: 10000 lb. Bearing for rivets: 20,000 lb. Steel Columns: Maximum direct 
Stress 12,000 lb. per sq. inch. The sum of direct stress and bending stress due to 
eccentric loading was not to exceed the safe stress for columns. The formula used 


for safe stress on columns is similar to that contained in the I..C.C. General Powers 
Bill. 
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Retaining Walls. — Тһе front retaining wall is constructed in mass concrete, 
the unusual form being due to the space required for pipes in the street, and the 
special provision in the lease as to rights of space for vaults. 

The reinforced concrete retaining wall at back is 38 ft. high, the thickness at 
base 3 ft. 9 in., and at ground floor level 14 in. At a level of 28 ft. below the ground 
floor the thickness is 2 ft. 9 in. The width of the toe varies from I5 ft. to 22 ft., and 
the thickness from 3 ft. to 18in. The toe of the retaining wall in some cases supports 
columns, and is calculated accordingly. 

The concrete was composed of 1 part of cement, 2 parts of sand, and 3 of crushed 
gravel from site passing ł mesh. Crushing tests of 6-in. concrete cubes were made, 
and it was ascertained that the sand and gravel were satisfactory. The work was 
carried out slowly and very carefully, and struts were not removed until six weeks 
after the laying of the concrete. After the struts were removed the holes through 
the wall were filled up with concrete, the back of the wall asphalted, and the filling 
at back put in position. 

The wall is reinforced with 1}-in. indented steel bars spaced 4-in. centres. All 
reinforcement was placed in exact position and held by means of struts and wires 
attached to the centering. 

Swimming Bath.—' This is 86 ft. by зо ft. by 8 ft. deep, and constructed as a 
reinforced concrete tank, the bottom being 4 ft. below the permanent water level. 
It is independent of the main structure, the foundations of the columns being below 
the bottom of the bath. The sides, bends, and angles are well reinforced with two 
lavers of bars top and bottom laid crosswise, and all reinforcement is wired together 
and carefully executed. 

During construction a sump hole was left through the concrete in the middle of 
the bath for the purpose of keeping the site clear of water. When the concrete was 
finished and set a cast iron cover was bolted to a cast iron frame set in concrete round 
the opening and the sump was scaled and made perfectly water-tight. Concrete was 
filled on the cover and the marble lining of the bath was completed. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


REINFORCED CONCRETE WATER TOWER, 141 FT. HIGH, 
AT SINGEN, GERMANY. 

A REINFORCED concrete water tower, 141 ft. in height, has been recently completed 
at the Maggi Co.’s Sauce Factory, at Singen. The contract was given, as the result 
of a competition, to Messrs. Josef Krapp, of Karlsruhe, to whom the design and 
execution are due. The structure is described by F. Guske, engineer to the latter 
firm, in Beton und Eisen (which paper. supplied us with the illustrations), the 
architect being H. Steub. 

The base of the reservoir is 98 ft. 5 in. above ground, and the six columns taper 
from 6 ft. 6 in. by 1 ft. 8 in. at the base to 2 ft. by 1 ft. 6 in. at the top. The founda- 
tion is ring-shaped, with an outer diameter of 41 ft. and an inner diameter of 16 ft. 6 in. 
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Details of construction. 
REINFORCED CONCRETE WATER TOWER AT SINGEN, GERMANY. 
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The general appearance of the tower during construction is shown on this page, and when 

completed on page 222. The details of construction are seen on pages 220 and 223. 
The floor of the reservoir is constructed in panel form, the depth of the ribs 

being 2 ft. з in., and the thickness of the panels 9} in. Below this level are three 


Work in course of construction, 


REINFORCED CONCRETE WATER TOWER AT SINGEN, GERMANY. 


other floors, which serve to brace and stiffen the structure. 
carried on concealed corbels. The gallery surrounding the reservoir is also carried 
on reinforced concrete corbels. The reservoir itself is not of reinforced concrete, but 
of steel plates, this having been preferred by the owners on the ground of greater 
facility for repair. Its internal diameter is 23 ft. 9 in., and its height 21 ft. 8 in. 


The spiral staircase is 
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It is provided with a non-conducting casing, consisting of movable slabs of pumice 
concrete, inserted between very thin vertical concrete supports, the space between 
the steel and the slabs being filled with dry peat. The roof, which was originally 


View of finished structure. 
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intended to be of reinforced concrete, had, on account of unfavourable weather condi 
tions, to be constructed of wood, covered with slates, and in the upper part with 
copper. The stair treads are of iron. 

The concrete used was prepared with Immending basalt, a 1 : 12 mixture being 
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used for the lower part of the annular foundation, and a 1 : 8 mixture for its upper 
layers ; whilst the portions above ground are of 1 : 5 concrete, with the exception of 
the floor on which the reservoir rests, which is of 1 : 31 concrete. АП exposed faces 
are dressed with a tool to give a rough surface. 

A wind-pressure of 30 lb. per sq. ft. was allowed for. The load on the soil (a 
good gravel) is 23 Ib. per sq. in., and the greatest compressive stress in the structure 
is 467 lb. per sq. in. 

Building was begun on June Ist, 1909, and on October 5th the reservoir was 
filled in order to test the floor on which it was supported. When water had been 
filled in to a depth of 20 ft. 4 in., the centre of this floor showed a depression of 3:15 
millimetres (o:124 in.). The tower was set in regular use in December, and has 
stood well since, although violent storms occurred both during, and shortly after, its 
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REINFORCED CONCRETE BRIDGE OVER THE NORE, KILKENNY. 


THE new bridge over the river Nore, at Kilkenny, is constructed of reinforced concrete 
on the Hennebique system. The bridge was designed for the Joint Committee of the 
Kilkenny County Council and the Kilkenny Borough Council by Mr. A. M. Burden, 
M.Inst.C.E., С ounty Surveyor of Kilkenny. 

The bridge has a total length of 196 ft. and a total width of 36 ft. 4 in. The arch 
of the bridge crosses the river in a single span, and consists of three parallel ribs 2 ft. 
wide, spaced 12 ft. apart, centre to centre, cach rib being 2 ft. 6 in. thick at the 
springings and 2 ft. at the crown. Fourteen vertical spandril columns, 12 in. by 12 in. 
rise from the ends of each rib and support the main longitudinal beams, 14 in. wide by 


24 in. decp, of the road platíorm above. The total thickness of the arch at the crown 
is 2 ft. 6 in. 
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Support for two footpaths and parapets is provided by extending the transverse 
beams of the road platform so that thev project 3 ft. bevond the outside face of the 
main longitudinal beams. The platform slab also continues over, and piling, on which 
the parapets are built, connects these projecting beams. 
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The horizontal beams of the abutments are supported by reinforced concrete 
piles driven deep into the earth, and the pile heads are incorporated with the beams, 
so the abutments with their foundations and connected piles are monolithic throughout. 
The abutments are also monolithic with the arch, which makes the whole structure 
absolutely solid. 
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BRIDGE IN KILKENNY. 


The roadway of the bridge is paved with granite setts on a concrete foundation. 
The official tests which were carried out on the bridge gave very satisfactory 
results. А dead load of 220 tons was distributed some days before the test over the 


Cross section at crown of arch. 


REINFORCED CONCRETE BRIDGE OVER THE NORE, KILKENNY. 


n beams and footpaths, leaving a passage over which two trains were driven, the 
ug weight of each train being 45 tons. The minimum deflection under the moving 
oad was less than ] in. at the centre of the arch ribs. When the live load was removed 
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two-thirds of this deflection disappeared, and the remaining one-sixteenth of an inch 
was made good on the removal of the dead load. 

The details of the reinforced concrete construction were prepared by Messrs. 
Mouchel & Partners, of Westminster, the contractors being Messrs. J. & R. Thomp- 
son, Ltd., of Belfast and Dublin. 


We are indebted to Ferro-Concrete for the line blocks illustrating this article. 
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BOUNDARY WALL, 7,500 FT. LONG, BUILT OF CONCRETE BLOCKS. 


HtrHERTO boundary walls have generally been constructed with stone or bricks, 
and have always proved expensive to erect and maintain, the most flimsy wall being 
6 in. thick if in brickwork, and of no great height, and they are of much greater thick- 
ness, with buttresses, if of any height exceeding, say, 7 ft. Stone walls are of still 
greater thickness. 

It has remained for one of our Government Departments— 7.е., the Prison Com- 
mission—to introduce a method of erecting boundarv walls which meets all require- 
ments in a manner at once economical and structurally sound. 

The wall described has been erected at the Borstal Institution, Feltham, under thc 
superintendence and to the design of the Survevor of Prisons (Major H. S. Rogers, R.E.). 

The wall is 7,500 ft. long. It is 4} in. thick, with piers at intervals. The height 
is 7 ft. 7} in. to top of coping, and о ft. a in. to top of barbed wire. Work was com- 
menced on April 28th, 1910, and was completed on October 5th, 1910, the total cost 
being £2,591. 

A view of the completed wall is shown on page 227. Itis built with reinforced 
concrete piers at intervals of 13 ft. 8} in., the piers being 12 in. by gin. in plan by 
12 ft. 101 in. long over all, and twice rebated to receive the 41-in. hollow concrete 
blocks. The piers are set 2 ft. 6 in. in the ground on a bed of concrete 1 ft. o in. bv 
I ft. gin. by 1ft. The upper portion is diminished so as to become an upright post 
to carry 5 lines of barbed wire. In the sides of the rebates are embedded steel wire 
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View of a portion of the completed wall. 


BOUNDARY WALL AT BORSTAL 


INsTITUTION, FELTHAM. 


BOUNDARY WALL. 


mesh spaced so as to fit into 
the bed joints of the 41-in. 
hollow concrete blocks. 
The bed joints are also 
reinforced with steel wire 
netting. 

The lower illustration 
on page 228 shows the 
method of constructing 
the piers in one piece in 
wooden moulds. 

On page 228 an illus- 
tration is also given of the 
“Winget " concrete block- 
making machine, in which 
the 4J-in. hollow concrete 
blocks for the wall were 
made. 


The blocks are 28} in. 
long, 9 in. high, and 44 in. 
thick, with recessed end 
joints. Each block has two 
hollows and they are 
made two at a time in Ше 
machine. 

Six men made and 
stacked 400 of these blocks 
per working day of Io 
hours, and one bricklaver 
and two labourers erected 
in one day 16 ft. bv 8 ft. 
of wall, one pier and 2 ft. 
foundation blocks. 

The proportions used 
in making these blocks 
were 4 parts of clean }-1п. 
gravel to 1 of Portland 
cement. 

The mode of con- 
struction is so novel, and 
also so thoroughly strong 
and satisfactory, that it 
must mark an epoch in 
this class of work. 

No doubt the use of 
rcinforced concrete for the 


piers along with thin, 
hollow concrete blocks for 
the pane le . has made 


possible a form of con- 
struction which may be 
followed with advantage 
by many of our readers. 
Where gravel and sand 
suitable for aggregates are 
obtainable, there is no 
reason why this method 
ot construction should 
not be followed as the 
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" Winget " Machine making blocks. 
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Method of manufacturing upright posts. 


BOUNDARY WALL AT BORSTAL INSTITUTION, FELTHAM. 


BOUNDARY WALL. 


blocks may be made without skilled labour or power, and they can be made on 
the job, thus saving carting and handling. 
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. View of wall in course of construction, showing upright posts. 
BOUNDARY WALL Ат BORSTAL INSTITUTION, FELTHAM. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required.—ED. 

Йылан 


NOVEL CONSTRUCTION OF CONCRETE HOUSE IN GLENCOE, ILL., U.S.A. 


Тие residence of Mr. Frank Darling, at Glencoe, Ill., designed by himself and described 
in this article, affords a practical example of the convenience and economy of concrete 
as a matcrial for medium-cost concrete houses. 

The construction of the house is uniaue. The foundation is built of four-way 
conduit tile, laid in a trench 15 in. wide and built up 18 in. above the ground. For 
outside walls concrete was poured 6 in. thick on outside of tile, and above the ground 
forms were erected to pour 4 in. walls. -The four-way tile was stopped about 6 in. 
above ground and single conduit Jaid from that point up. Partition walls throughout 
were of single conduit plastered on inside without lath. Хо cracks have appeared. 

Heavv cvpress window and door frames were used throughout with rabbeted 
plank frames. When the conduit was built to the height desired, the frames were 
set and braced in, allowing i in. inside of tile surface for plaster. Conduits were 
then laid up snug to frames, being placed on end to form mullions between windows. 

All outside frames were designed to come flush with the finished surface of the 
poured concrete, the concrete being 4 in. thick. Each outside frame had a r3-in. 
by 1}-in. strip nailed around it, setting flush with the outer edge, the concrete set 
back of this cleat making a wind- and air-tight joint. Forms were built to half window 
height and then poured. The forms were fastened to the frames and wired through 
the conduit. When the forms were in place long 2-in. by 4-in. bracing strips were 
run lengthwise and tied through the tile wall wiih galvaniscd wire twisted up tight 
to prevent bulging. 

The concrete was mixed and poured verv wet, allowing it to flow into spaces 
left between conduits and into all channels provided around window and door frames. 
This gave a splendid bond and produced a solid wall. 
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By CONSTRUCTION CONCRETE HOUSE IN GLENCOE. 
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For aggregate, gravel of about І in. to 11 in. was used showing as many different 
colours as possible. When the forms were removed the lines showed plainly, but 


Views of house in course ol construi tiun. 
CONCRETE HOUSE IN GLENCOE, ILL., U.S.A. 
the whole surface was bush hammered, 1 in. being taken off in this manner. The 
resulting surface is uniform, but the coloured pebbles relieve monotony. 
231 
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The floors on the first floor are of solid concrete with 2-in. by 2-in. nailing strips 
set in I in. above concrete. The form boards were used for the rough flooring (placed 
diagonally), and the {-in. oak floor placed on top. 

The first and second floor porches are floored with concrete. The second-floor 
porch has a suspended concrete floor 5 in. thick, and is 50 ft. by 12 ft. in extent. 

All interior plaster is cement mortar mixed with torpedo sand only, and troweled 
rough. Oil stain was used on the plaster, and as it allows the grain of the plaster to 
show through, the effect is very pleasing. 

The chimneys are all built of poured concrete, flues being lined with clay flue 
lining. The fireplace is concrete with a brick facing, and has a drum arranged to 
throw the chimney heat back into the room. 

The electric wiring runs through the conduits in the walls. This feature was well 
planned in advance, that vertical conduits might be placed to provide for wires up 
and down. Each floor was wired separately before the concrete was poured. 

The wall structure, completed with its component parts, has four inches of mono- 
lithic concrete on the outside, closely bonded 
to the vitrified conduit tile. The tile wall is 
Zin. thick, leaving a 33J-in. air space between 
the two tile surfaces. The cement plaster, 
# in. thick, les on the inner surface of the 
tile, making, in all, a solid wall of 10 in. in 
thickness. 

The construction insures a_ practically 
fireproof and thoroughly vermin-proof house. 
The same valuable consideration which 15 
characteristic of all concrete residences is 
very noticeable in this house: the absence of 
vibration throughout the structure, though this 
house 15 placed within 200 ft. of the railway 
tracks. 

While the owner has applied for a patent 
covering the wall construction of tile and 
concrete, it is not his intention to make a profit 
out. of the invention, but to hold it so that 
anyone may have the right to use the con- 
struction by simply obtaining permission. 

The particulars in this article are taken 
from the Cement Age. 


~ 


REINFORCED CONCRETEWATER BARREL. 
A novel application of reinforced concrete is 
in the construction of water barrels, the one 
illustrated on this page being made through- 
out bv an amateur. 

The wa!ls of the barrel are 1} in. thick, 
Ihe total cost was 27s., including the wooden 
stand at bottom. 

The reinforcement consisted of five ordinary boys’ hoops, 3 ft. in diameter, and 
1 ft. of galvanised wire netting double. 

The capacity of the barrel is about 200 gallons, and it has proved most 
satisfactory. 


REINFORCED CONCRETE WATER BARREL. 


ENQUIRIES. 


ENQUIRY 


COLUMN. 


The name and address of enquirers must always be given, not necessarily for publication. 

The advice given in reply to enquiries is a matter of Foxpro opinion, and although 
contributed in most cases by experts with special knowledge of the matter in question, it 
must not be considered in the same liaht as if obtained from a Consulting Engineer, 
Architect, or Solicitor, who should always be referred to in important cases, as our 
columns are not intended to do away with the services of the professional experts on 
constructional or legal matters. 

Replies will be sent by post if the enquiries are marked ** Answers by Post’’ on the 
outside. All other enquiries will be replied to in this column.—ED, 


REINFORCED CONCRETE WATER CONDUIT. 

F. R. (Alexandria) writes: It is proposed to construct a reinforced concrete 
water conduit of 42-in. diameter, cast in situ, and laid 2 ft. underground. The 
length of the conduit is about 3,000 ft. Manholes will be placed in the conduit at 
intervals of боо ft. No provision has been made for expansion joints. Are these 
absolutely necessary ? The variation of temperature to which the conduit will be 
exposed is trifling. The reinforcement consists of iron rings ł in., spaced ro-in. 
centres, and held horizontallv bv round bars 3 in. The thickness of the shell (con- 
crete) is 8 in. Concrete mixture, 1: 2: 4. The assumed water pressure should not 
exceed two atmospheres. 

Reply.—Assuming that there is an excess natural water pressure of 15 Ib. per: 
Sq. in., we find that the provision of iron rings is insufficient. If 3-in. diameter rods 
are to be used the rings should be spaced about 3 in. apart. The thickness need 
not be more than 6 in., but it would be advisable to use a stronger mixture of con- 
crete than that proposed. We would advise 1 cement to т} sand to 3 aggregate. 
ue expansion joints need not be provided as the variation in temperature would 
oe trivial. 


LIMESTONE AS AN AGGREGATE FOR REINFORCED CONCRETE. 

E. R. L. (Queenstown).—Wil! you kindly let us know what is the objection to 
the use of limestone for reinforced concrete ? 

Reply.—limestone can be used quite well as an aggregate for reinforced con- 
crete, some of the finest aggregate, as regards strength, being obtained by the use 
of Portland stone, which is, of course, a limestone. As it is obvious, however, that 
limestone, which parts with carbonic acid at a moderate heat, is liable to disintegrate 
under the action of fire, where fire resistance is important it would be we!l to avoid 
it if another material can be obtained cheaply, or else an increased covering must 
be provided for any embedded steelwork. Limestone will, however, be more resisting 
if broken to a small size; as reinforced concrete aggregate usually varies from а 
maximum of 1-in. down to }-in., it has greater resistance to fire than mass concrete 
where larger stones are required. The strength of the concrete also depends to some 
extent on the nature of the limestone. Some limestones are of poor qualitv, not 
having much weather resistance, so it is only natural that such material when made 
into concrete will also show a low crushing resistance. 
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Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Building Trades’ Exhibition, Olympia.—The ninth biennial Building Trades’ 
Exhibition will be opened on Saturday, April 22nd next, by Mr. Leonard Stokes, 
President of the Roval Institute of British Architects. 

No more successful event is associated with «m than the [ideae Trades’ 
Exhibition organised every two years by Messrs. Н. Greville and Hugh С. Mont- 
gomery ; indeed, we doubt whether there is another exhibition of anv kind which 
can in the same way fill the huge building at Addison Road—main hall, annexe, 
and galleries—from end to end with exhibits connected with the industry immediately 
concerned. 

As before, the galleries wil! be found to constitute a municipal section for the 
special benefit of borough surveyors and engineers, whilst the whole of the ground 
floor is devoted to the multifarious requirements of the architect and builder. The 
wall which used to separate the main hall from the annexe has recently been removed, 
the result being that the stands will run continuously from the entrance in Addison 
Road to the exit in Blvthe Road. 

Arrangements are being completed for official visits of members of the many 
associations and societies connected with the building industry, and there is no doubt 
that the exhibition of 1911 will be an even greater success than апу of its pre- 
decessors. 

Institution of Civil Engineers. —At the students’ meeting held on January 2oth, 
Mr. T. Sims, C.B., M.Inst.C.E., in the chair, Mr. С. F. Walton read a paper on “ The 
Design and Construction of Reinforced Concrete Arches." The author described, 
with the aid of diagrams, the elastic theory for the computations of stresses in arches, 
and a comparative table showed that the strongest form of arch was continuous 
from abutments to crown, and, further, that the strength of the arch decreased with 
the introduction of hinges at the crown or springings, each additional hinge decreasing 
the carrying capacity of the bridge. The paper concluded with a description of 
some recently constructed arches of large span. 

Early Examples of Reinforced Concrete.—In a recent number of Surveying and 
the Civil Engineer the following notes appear: ‘‘ Some years ago, in carrying out 
alterations at the Queen's Head Inn, it was necessary to remove an old concrete 
beer-cooler. A labourer was set to knock it to pieces, but he had to give it up as 
a bad job, because he found embedded in the concrete a lattice consisting of 1}-in. 
by }-1п. iron bars. Although every effort was made to ascertain the age of the cooler 
it could not be fixed with certainty, but it must be at least Tam fifty to sixty years 
old. It remains to this day an interesting example of ear!y reinforced concrete, 
and the concrete is sound and the bars free from rust. 

In 1376 we decided to have a reinforced concrete roof instead of a lead flat. 
We sent for an expert—I should perhaps say the expert. He came, and he used 
iron bars at about 2-ft. centres, about 3-in. by l-in. section. Through these were 
bored holes, in which }-in. rods were placed at about 18-in. centres. The whole 
were embedded in coke breeze concrete, the finished slab being about 4 in. This 
roof 1s quite sound to-dav, and the reinforcement is sound also, for we left some of 
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the bars standing out about 4 in. in order to fix a fence to it. As far as durability 
is concerned, the two examples given prove that it would have been quite safe for 
the Local Government Board to have sanctioned a loan of 30 years on the work. 
Besides durability, the economic conditions, which have sent the price of timber 
up from 15. 2d. to 15. gd. per cube ft., and the price of cement down from £3 105. 
to £I Ios. per ton, is all in favour of reinforced concrete.” 


Belgian '* Natural '' Cement.—In the course of his presidential address to the 
Devon and Exeter Architectural Society, Mr. Wm. Н. Mav, M.S.A., said that during 
the past year when in Belgium he visited one of its great centres of the manufacture 
of cement, and his interest being aroused at seeing large quantities being prepared 
for the English market, he made, with assistance, observations which reasonably 
showed that English Portland cement is not onlv a much superior article, but, if 
properly handled, more economical than the Belgian. The causes of the inferiority 
of Belgian cement were due to the uncertainty of the quality of the stone quarried 
and the method of burning. Some pieces of the rock quarried were identical in 
composition with Portland cement, whilst other pieces had only the composition 
of hydraulic lime. 

Concrete Floors and Footwalks.—I\t 15 an accepted fact nowadays, says the 
County and Municipal Record, that, in laying down new concrete or granolithic. one 
sccret of success is to sce that the surface coat bonds with the under concrete. This 
can be easily obtained by insisting on the work being done in panels or sections, 
which will be finished complete before new ones are started. In cases where it is 
required to lay a new surface coat on what is otherwise good, sound concrcte, as, 
for example, in a reinforced concrete floor, it is sometimes not possible, except at 
great expense and inconvenience, to break up the old material and lav the whole 
arca de novo in the way suggested. In these circumstances, if carefully done, the 
method much used in America should be found satisfactory. This specification is 
as follows : The top finish shall consist of 1 part Portland cement, т part stone from 
} in. to smallest size (excluding dust), 1 part sharp sand, mixed to a stiff paste just 
wet enough so that in trowelling the water will barely work to the surface. The 
old under concrete shall be roughened either by sand blast, muriatic acid applied 
to the surface, or other satisfactorv method of cleaning the stones so that the mortar 
shall easily adhere to them. The under concrete shall be made thoroughly wet, and 
shall be kept wet long enough to absorb all the water it will take up readily, thus 
ensuring a base so wct that it will not draw water from the finishing when the latter 
is applied. At the same time, an excess of moisture must also be avoided, as this 
would be as dangerous as too little water. The surface of the base shall then һе 
scrubbed with a thin grout of pure cement rubbed on with a broom. Оп top of 
this, and before the previous coat has had time to set, a thin coat of finishing, as 
already specified, shall be trowclled hard, the workman using as much pressure as 
possible, and rubbing the finishing hard down into the scrubbed base, so that it 
shall take firm bond. After this the finishing shall be applied to the desired thick- 
ness, screeded, and floated to an even surface. Between the interval of initial and 
final setting it shall be finished bv skilled workmen with steel trowels, and worked 
їо a final smooth surface. Under no conditions shall a drier be used, nor shall water 
be added to make the material work easily. If the work be cone in hot weather 
the finishing shall be protected from the sun and wind in order to prevent too rapid 
sctting. 

Sea Defence Works at Holme Cultras, О.Р. С. /Cumberland;.—' Ihe Council's 
consulting engineers, Messrs. Henry Adams & Son, of Queen Victoria Street, E.C., 
have reported that the sea wall and concrete apron at Silloth, about т, yoo vds. long. 
carried out under the first contract, have now been satisfactorily. completed, and 
application has been made to the Local Government Board to sanction a loan in 
connection with the proposed extension for about 1,000 vds., which is to be carried 
Out as soon as possible. 

The Tooling of Concrete Surfaces.—The tooling of concrete surfaces was dis- 
cussed by a number of members at the convention of the National Association of 
Cement Users, and their experience indicated that a hammer with 2 to I6 star points 
ives generally more satisfactory results than a bush hammer. These hammers are 
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made with different numbers of points. This tool, pneumatically operated, is rapid, and 
common labour when once instructed will cover a larger area with it and do the 
work as well as skilled labour. While the bush hammer gives a fine finish, it clogs 
readily, and has a small output. The star-pointed hammer is easily sharpened by merely 
drawing the temper and using a file on the face to give the desired finish.—The Engineer. 
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RKriNFORCED CONCRETE FACTORY IN BROOKLYN. 


Reinforced Concrete Factory ia Brooklyn, U.S.A.— he utility of reinforced 
concrete for factory and warehouse work is undisputed, especially if the plan be a 
simple, straightforward one. We have presented notable examples of this kind of 
work on numerous occasions, and are here illustrating the Robert Gair Factory in 
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Brooklyn, N.J., which is a striking instance of an important structure of this type 
built of reinforced concrete. The block was placed at our disposal by the Cement Age. 


The Age of Reinforced Concrete.—Thomas A. Edison, the inventor, in the 
Cosmopolitan Magazine savs: ‘ Men are lunatics to keep on building with brick 
and stecl. Reinforced concrete is better and cheaper than either. Builders who 
stick to brick and stecl are behind the times. Men who put up wooden structures 
are worse lunatics. It is because we use such building materials that the fire losses 
in this country amount to almost $500,000,000 a year. Think what a waste of 
materials and labour this sum represents. It is all unnecessary. Reinforced con- 
crete is not only cheaper than brick and steel, but it is fireproof. А reinforced con- 
crete building will stand practically for ever. Within 30 years all construction will 
be of reinforced concrete, from the finest mansions to the tallest skv-scrapers."' 


An Instance of the Value of Concrete in Reducing the Cost of Insurance.— 
At the recent meeting of the National Association of Cement Users of America, Mr. 
Emile G. Perrot gave the foilowing particulars of the value of concrete in reducing 
the cost of insurance : 

“ The large steel sprinkler tank and tower of the Victor Talking Machine Co., 
Camden, N.]., is an instance of the beneficial result derived from the use of concrete 
from an insurance standpoint. This tank holds 100,000 gallons of water, the bottom 
of which is 125 ft. from the ground. The total height of tank and tower is 174 ft. 
The diameter of the tank is 20 ft. The tower is erected on filled ground ncar a river, 
and the foundations of the four legs are supported on concrete piles. 


“ Bv rcason of the close proximity. of buildings belonging to other owners, the 
Victor Talking Machine Co. desired to take out indemnity insurance on the structure 
as originally designed—that is, without any concrete protection, so that in case of 
a fire in the buildings adjacent, and the collapse of the tower, the damage to adjoining 
property would be covered. This, they were informed, would cost $500 (£100) per 
annum. It was finally decided not to put any insurance on the structure. but instead 
to invest about $4,000 (/80: ») in fireproofing the tower with concrete. A little 
reflection will show that the investment fully pavs for itself, not only financially, 
but by practically making the tower immune from fire and the destructive agencies 
of the atmosphere, which it would not be if left unprotected. If we charge against 
the tower the interest on $4,000 at 6 per cent. per annum we have $240 (£44) 
the carrving charge for the absolute protection against fire, instead of a $500 (£100) 
charge for no absolute protection to person or property, but simply to cover any 
damages for which the company might be liable in case of a collapse of the tower. 


“ This clearly shows how it pays to carry your own insurance by taking pre- 
cautions to avoid damage to persons or property bv making a building fireproof. 
Further, the saving on the insurance premium will pav for the fireproofing in about 
15 vears, so that at the end of that time the original cost of the fireproofing will be 
wiped out. This, of course, is based on the assumption that insurance would be 
carried on the tower if it were not fireproofed."' 


Soap-Concrete.—Soap-watcr, instead of ordinary water, has successfully. been 
used for the purpose of making reinforced concrete water-tight. The case is reported 
in Beton und Eisen, of January 3rd, and concerns a grain-elevator built on the 
Danube, exposed to inundations. The concrete was provided with two coatings, 
also of concrete. The outer coating, 3$ in. in thickness, consists of fine-grained 
concrete containing 400 kg. of cement and 120 litres of water per cubic metre of 
mass, and the inner laver, 4 in. in thickness, consists of cement mortar prepared 
with fine river sand. The water is replaced by a solution of common soft soap (potash 
soap), about 4 kg. of soap being added to 1 cu. m. of concrete. The building has 
stood one inundation well, while another building of the same material, without the 
soap, did not quite keep the water out. Subsequent tests were also favourable. 
The soap concrete is very cheap compared with other means used to render the concrete 
impermeable to water. The action of the soap seems to be that the lime of the 
cement is bound bv the fatty acids of the soap.—Engincering. 
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Concrete Barges.—To those interested in transportation, the recent development 
in the use of reinforced concrete for barges is of especial interest. The history of 
concrete boats dates back to 1850, and the building of them is a novelty no longer, 
but a well-defined industrv in France and Italy ; while during the past vear three 
barges for dredging purposes have been built at Panama for work on the canal there, 
and have fulfilled every requirement. While a concrete boat is somewhat heavier 
than a wooden one. it is far more economical to maintain, and, in the event of апу 
damage to the hull, any necessarv repairs can be cheaply and quickly effected, as 
some filling in with cement or concrete is all that is required. Comparative estimates 
have been made of the first cost and maintenance of boats of wood and concrete, 
and it has been found that whereas a wooden barge, after five years’ work, requires 
repairs involving an expenditure of about зо per cent. of the first cost, the concrete 
barge, after eight years’ service, is in good condition. In any class of work necessi- 
tating the use of barges, and where low first cost and maintenance charges are the 
primary considerations, reinforced concrete boats will be found worthy of attention.— 
Iron and Coal Trades Review. 

Monolithic Concrete Buildings.—The American Sheet and Tin Plate Со. at 
Gary, Ind., are to erect about 200 dwelling-houses for their workmen at Garv in 
connection with the construction of a new plant. Monolithic concrete construction 
will be employed, and the buildings will be built in steel forms manufactured by 
the Reichert Manufacturing Co., Milwaukee, Wis. These forms consist of 24-in. 
panels of No. 16 galvanised steel plate, with the edges reinforced by a r-in. bv 
1-in. angle, ind each pancl is provided with a lock for fastening it to the adjacent 
panel or to the corner connections. Opposite panels of the inner and outer forms 
are held together bv wire ties, and at the top of the forms transverse stay rods, hooked 
over the flanges, are emploved. During the past five years these forms have bcen 
used extensivelv in Milwaukee, and those first emploved are said to be in good condi- 
tion now. Cores can be inserted to make hollow walls or flues, and interior strips 
can be fitted in place to give the wall a block appearance with bevelled grooves. 
Door and window frames are set in place in the forms. Where the dimensions make 
it necessary special sizes of panels can be used. 

At Gary the forms for the foundations, basement walls and partitions, and the 
first-floor slab will be set up for about a dozen houses at once. <A portable concrete 
mixing machine, with a hoisting plant, will run on a track parallel with the row of 
buildings, and the entire amount of concrete needed to fill these forms will be poured 
at one operation. When this work has becn completed at one building the machine 
will be passed on until the entire row is completed. By this time the concrete in the 
first building will have set so that the forms can be removed and re-erected for the 
first-floor walls and partitions and the second-floor slabs. The machine will then 
be run back to the head of the line, and the process repeated for this set of forms. 
A third trip will complete the pouring for the second story and the roof. 

It is expected that the cost of these dwellings will be less than that of frame 
structures, owing to the very small amount of labour and skilled work required ; 
but it is stated that even if the cost should be 12 to 20 per cent. more, the saving 
in repairs, repainting, and reduced insurance rates should balance the increase in 
the first cost.— Times Engineering Supplement. 


The Permanent International Association of Navigation Congresses, which 
will hold its twelfth meeting at Philadelphia in the spring of 1912, has appointed Mr. 
К. W. Vawdrev, B.A., A.M.Inst.C.E., to prepare a report upon the work which 
has recently been carried out in the United Kingdom in reinforced concrete as applied 
to hydraulic works. 

Communications on this subject from engineers who have used this form of con- 
struction in the direction mentioned should be sent to Mr. Vawdrev, Queen Anne’s 
Chambers, Westminster, who will be glad to incorporate these particulars in his report. 

Test on New Type of Hollow Tile Floor.— The Considére Construction Co., Ltd., 
have recently designed a new type of hollow tile floor on the principle of continuous 
beams, and, as a test, have had two spans of 15 ft. running over a centre support 
made and loaded with glazed bricks. This preliminary test was made only 24 days 
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after the manufacture of the slab, and was carried out in the presence of a well-known 
architect and a member of a prominent firm of builders, who were so satisfied with 
the result that the floor has been adopted for a large office building shortly to be 
erected in London. The final test on the slab will be made to destruction in some 
few weeks’ time. 


CONTRACTS. 


Messrs. James H. Tozer & Son, Ltd (Lock Woven Mesh System), have secured 
contracts for erecting a single coal bunker of 300 tons capacity, and a water tank for 
50,000 gallons ; also walls and floor to the power house for the Skinningrove Iron- 
works Co., Ltd., Yorks; also floor for Stable at Silverdale, and floors at Montrose, 
Torquay, and Birkenhead. 


The British Joist Steel Piling Co. inform us that in connection with the 
building of the new Cunarder, which, when finished, will be the largest ship in the 
world, a new berth is being constructed at Messrs. John Brown & Co.’s Shipyard, 
Clydebank, and the British Steel Piling Co. have secured the contract for their 
' Universal" Joist Steel Sheet Piling required in this work. 


mee BRITISH oe 
IMPROVED CONSTRUCTION CO., LD. 


TELEPHONE : 4067 VICTORIA. TELEGRAMS: °° BicoNcRETE, LONDON.” 


47 VICTORIA STREET, WESTMINSTER. 


Flat-hased Concrete Pipes 


Three feet long to Nine fect long. 


Breeze Partitions Porous Pipes 


Reinforced Sleepers Concrete Beams 


— Hollow Floors 


Telegraph Poles 


SPECIALITY :—INVENTORS' DESIGNS CARRIED OUT TO ORDER. 
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CONSTRUCTIONAL ENGINEERING 


Volume VI. No. 4. LONDON, APRIL, 1911. 


EDITORIAL NOTES. 


THE COST OF SCHOOL BUILDINGS. 


E have made numerous references in these columns to the waste of 

W public money on building and engineering works, owing to the con- 

servative methods of the Local Government Board. Local 

authorities are constantly spending more than necessary in order to comply with 

the requirements of that department, and those requirements take little or no 
account of modern building methods or the introduction of new materials. 

The latest evidence as to the waste of money occasioned through anti- 
quated regulations will be found in the report of the Departmental Committee 
of the Board of Education, which has been inquiring into the cost of school 
buildings. We are dealing with this report more fully in another part of this 
issue. 


The committee state that they were embarrassed in their inquiry by the 
small number of buildings erected on novel lines, which would enable them to 
judge how far the methods and materials employed are really suitable for school 
purposes, and they go on to say that : 

The scarcity of experimental school buildings is attributable partly to the 
natural preference by architects for materials and methods with which they are 
thoroughly familiar, and which require comparatively httle supervision of the 
work in course of erection. 

It is also attributable to a great extent to the fact that the Building Regu- 
lations of the Board of Education do not contemplate, and do not encourage, 
experiment in novel materials or methods. 

The committee are, therefore, of opinion “ that the existing obstacles to 
experiment should be removed." This sentence puts in a nutshell the position 
taken up by certain prominent architects and others respecting the restrictions 
of the by-laws, which have up to the present been framed to discourage 
inventors and prohibit experiments. 

Reinforced concrete as a method of building was invented by an English- 
man as far back as 1853, but undoubtedly the reason why we never reaped the 
full advantages of this method of construction was due to this conservatism and 
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restrictive action of public bodies. It was left to foreign countries to develop 
this industry. When it had become an actual success and came into prominence, 
it was brought back again to this country and exploited as far as possible ; 
whereas we had the whole matter in our hands from the beginning, if we had 
only been able to deal with it in the proper manner. It is, therefore, very im- 
portant to find a Government department emphasising the desirability for experi- 
menting with new materials and new methods. 

The recommendations of the committee are worthy of special mention, 
and are as follows : 

(1) That local education authorities should be encouraged to submit specific 
proposals for the use of novel materials or methods for public elementary schools. 

(2) That it should ordinarily be made a condition of the approval of such 
proposals that such provision as is practicable should be made for the periodical 
inspection of the structure. 

(3) That, for the purpose of facilitating the use of novel methods and materials, 
(a) legislation should be promoted to exempt school buildings, the plans of which 
have been passed by the Board of Education, from the operation of local building 
by-laws and corresponding provisions in Local Acts; (b) the building regulations 
of the Board of Education should be revised so as to remove any difficulties placed 
by them in the way of the adoption of such methods or materials. 

(4) That, where proposals are approved for the use of novel methods or 
materials, such as those described in paragraphs 27 to 54, in the erection of per- 
manent schools, a loan period of 30 years should, until further experience is avail- 
able as to the durability of such structures and their immunity from repairs, 
be regarded as normally appropriate to such cases. 


It is time, indeed, that local authorities should be relieved of the dead 
weight of expenditure due solely to the antiquated ideas of a few Government 
officers, and it is to be hoped that the report now before us will eventually open 
the eyes of Parliament as to the lack of interest in true municipal economics 
still to be found in certain directions. 


THE RUSTING OF STEEL IN CONCRETE. 
Draft Report of the Science Standing.Committee!/of The Concrete Institute. 


SOME time ago the Science Standing Committee of the Concrete Institute formed 
a sub-committee for the purpose of investigating the very important question of 
whether rusting of steel takes place when inside a concrete covering. A letter 
was issued at the beginning of 1959 by the Institute to all its members and to 
others engaged in concrete construction, asking for the results of their experience 
of this matter. А summary of the replies received and of the conclusions arrived 
at by the Science Standing Committee form the subject of a draft report which 
was read by Mr. F. E. Wentworth-Sheilds, M.Inst.C.E., at a General Meeting of 
the Institute held on March g last. 

The sub-committee have also personally examined certain structures and the 
results of their examination form appendices to the report. Ап account of their 
visit to Paris in April, 1910, in this connection will be found in our issue of June, 
1910. 


242 


| THE RUSTING OF STEEL IN CONCRETE 


As a result of these observations and investigations, the Committee have 
drawn the following conclusions : 

Reinforced concrete will last as long as plain concrete in апу situation pro- 
vided that special precautions are taken during its construction. The precautions 
to be taken are as follows : 

Concrete.—The materials (cement, sand and stone) must be of good quality. 
They must be most carefully and thoroughly mixed and scientifically proportioned, 
so as to be practically waterproof and air proof. The mixture must be fairly 
wet, and must be well punned into position so as to minimise voids. The aggregate 
should be as non-porous as possible, and any aggregate which is known to have a 
chemical action on steel should be avoided. The aggregate should all pass through 
a }-in. mesh. The concrete covering should in no case be less than 4 in., and it 
is suggested that if round or square bars be used the covering should not be 125 
than the diameter of the bar. In structures exposed to the action of water or 
damp air, the thickness of covering should be increased at least 50 per cent., or 
the size of the aggregate should be reduced so as to ensure a dense skin. In the 
case of structures exposed to verv severe conditions, the concrete might be covered 
with some impervious coating as an extra precaution. 

Steel.—The reinforcement should be so arranged that there shall be sufficient 
space betwcen one piece and its neighbour to allow the concrete to pass, and to 
completely surround every part of the steel. All steel should be firmly supported 
during the ramming of the concrete, so as to avoid displacement. It should not 
be oiled or painted and thick rust should be scraped and brushed off before 
placing. 

General, — Тһе scantling of the various members of the structure should be 
sufficient to prevent excessive deflection. If electrice mains are laid down very 
great care must be taken that no current is allowed to pass through the reinforced 
concrete. Fresh water should be used in mixing, and aggregates charged with 
salt should be washed. 

These recommendations have regard only to the prevention of corrosion of 
stecl, and not to fire resistance or any other property of reinforced concrete. 


COKE BREEZE AGAIN. 


In our issue of January, 1911, we published an extract from Mr. Thomas 
Potter’s able paper on “Concrete Practice," and we would now specially call atten- 
tion to his views on coke breeze. Coming from the doyen of the concrete industry, 
an opinion, based on many years’ experience, merits close attention. For our 
part we agree with Mr. Potter. The wholesale condemnation of coke breeze is 
quite uncalled for. To condemn an excellent material because in a few instances 
poor stuff has been used or unsuitably applied is as senseless as, sav, to condemn 
reinforced concrete because the material is not invariably properly applied. 

We give Mr. Potter's views in full : 

There is one aggregate many thought beneath notice—coke breeze. Tt was 
extensively used for many vears, principally for floors, but, I submit, undeservedly 
lost its character some time since through a letter. in the Times telling of its failure 
in Germany, where it had been prohibited. It was not stated, I believe, of what class 
of coal it formed the residue, and this is an important point. I have seen some in 
Scotland totally unfit for concrete purposes, but not in England. This letter was 


followed by others telling how it was of such an inflammable nature, that if exposed 
to a severe fire it was second only to coal in assisting combustion. Another letter 
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stated that it disintegrated in the course of a few years and crumbled away. It was 
a case, I think, of giving a dog a bad name. 

So far as its strength is concerned, Mr. Kirkaldy made some experiments for the 
West Ham Corporation some years since, with the following result: A brick pier 
18 in. square, and 18 їп. in height, made with best stock bricks and blue lias lime 
mortar, crushed at the end of two years with 46 tons per sq. ft.; a similar pier of 
Harold Wood bricks and blue lias lime mortar crushed with 75 tons per sq. ft. ; another 
pier, made of six parts of coke breeze to one part of Portland cement, crushed with 
131 tons per sq. ft. 

As to inflammability, the tests made by the Fire Prevention Committee with 
various kinds of floors, each under similar conditions exposed for three hours to an 
increasing and ultimate temperature of 1.900 deg. F., and water played on them 
from a hose pipe, gave the following results : 

Coke breeze and burnt ballast equal and best ; cach was found, after being allowed 
to cool, practically free from cracks or deflection, and Thames ballast and granite 
chips the worst. 

As to disintegration, this would not be readily ascertained perhaps with floors, 
which are usually plastered on the underside and covered with some other material 
on the surface, but much of the facing and all the ornamental work of the large block 
of buildings numbers 64 to 70 Victoria Street, are of cast coke breeze concrete, executed 
about forty years ago by the late Mr. W. H. Lascelles, of Bunhill Row, London. No 
facing was done to this work after it left the moulds ; the coke breeze is within an 
eighth of an inch of the surface, and I believe there has never been a crack, fracture, 
or any sign of disintegration at any time. 

I wrote some years since to the clerk of works of a large building to inquire con- 
cerning a number of floors made with coke breeze concrete, more especially as to 
whether there had been any expansion. His reply was: ''* A number of the pavilions 
are 120 ft. long and 26 ft. wide, without a break or a division wall, the ground floors 
being 5 ft. in height from the ground, and the upper floors 14 ft. above the ground 
floor. Had there been any expansion, it must have shown before this, as most of 
them have been done four years, and I may add that the floors give every satis- 
faction.” 

I have used some thousands of tons of coke breeze for floors, and do not remember 
a failure of any kind therewith. I am aware that coke breeze is condemned by many 
as an unsuitable aggregate. I can only speak from mv own experience ; and although 
it is not, taken altogether, the best material for floors and roofs, I have found it one 
of the best. But like other materials there are good, bad, and indifferent qualities. 
I have known ashes from dust-holes to be mixed with it. 


PROPORTIONING CONCRETE. 


It is rather surprising to find so little attention paid by those who often pass for 
experts to the proportioning of the ingredients of concrete. This applies not solely 
to reinforced concrete, but to concrete generally. The great thing to strive for 
is density in the mixture, and the aggregate and the sand should be so graded 
as to obtain a minimum of voids. It is possible with a very weak proportion 
of cement to obtain a very dense concrete by proper grading. The cement, 
it must be remembered, has to serve the function of filling the voids in the 
concrete, and consequently the overplus from the voids, if апу, will, according 
to its amount, increase the strength —that is to sav, provided we have filled the 
voids, the proportion of cement which is over therefrom will give the compressive 
value to the concrete. If, however, the voids are not completely filled, the 
concrete must be somewhat porous in structure and weak. The most important 
feature, therefore, in the manufacture of any concrete is to see that the voids 
are as completely filled with the aggregate as possible ; the cement then need only 
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be sufficient to fill the remaining voids and to coat the particles with as much 
as may be needed to give the required strength, the desired strength being ascer- 
tained with regard to economy, waterproofness, and other qualities. 


GRADING OF AGGREGATE. 

We know that instead of the 6 : 1 lime concrete, which was often favoured 
in the past, a I5 : 1 mixture of Portland cement and aggregate is quite 
as good ; but little attention is paid to the question as to how the aggregate in 
such a mixture should be graded. It is possible to make a difference of roo per 
cent. or more in the crushing resistance by attention to the matter of grading. 
If the aggregate is composed of particles all of one size, the amount of voids will 
be about 50 per cent. ; if it is composed of two sizes of particles, the proportion 
of voids will shrink to between 30 and 4o per cent. ; by still more variation in the 
size of the particles, it is possible to get the amount of voids down to 20 to 25 per 
cent., and in a very weak proportion such as 1 : 15 there is no reason why one 
should not include an amount of fine sand so as to reduce the percentage of 
voids still lower. It is not alwavs the use of a lot of sand which will so reduce 
the percentage of voids, because sand, which is composed of a fairly regular 
form of grain, will likewise contain 50 per cent. of voids. А gradation of size is 
necessary in either large or small material in order to reduce the amount of 
voids, it being the gradation in size which enables the particles to arrange them- 
selves more closely together and leave a smaller proportion of interstices. It 
is easy to see that if we have a properly graded material wherein the voids are a 
minimum, the cement will go much further and the concrete will be denser and 
stronger. The principle applies equally to a poor concrete such as 15 : 1, or 
a rich mixture such as I : 1:2 (ie, I : 3). 

Of course, the aggregates that are accessible in various parts of the country 
differ in kind, and they also differ in physical constitution. For many purposes 
the aggregate is crushed, and then there is not so much difference in 
the material as would be otherwise found by reason of the difference in locality 
from which it is derived, but for much ordinary concrete work the aggregates 
are used just as they are obtained, with only a small amount of sieving or screening 
to remove the large pieces. We may here remark that screening, entailing some 
expense, is often done that is unnecessary, because the material may be graded 
while in its natural state, and if there is an insufficiency in one portion of the 
material, it is better to supplement this by adding an amount of the one or more 
ingredients to make the total correct, than it is to screen out the material and add 
the various portions together to give the desired mixture. 


NECESSITY FOR SCIENTIFIC INVESTIGATION. 

A little attention paid to these points will give much better quality in work, 
and result in considerable economy. Of course, in the preliminary stages of 
estimating one is not able to go into such refinements ; but when a job has been 
obtained such data should be found for a scientific proportion of the concrete, 
and such information would, of course, once ascertained, be available for future 
reference. Work of this nature ought to be undertaken by somebody, and the 
results issued to serve generally to assist the whole of the architectural aud 
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engineering professions and the building trade, but at the present time it seems 
unlikely to expect such work to be done by a Government body or society. We 
think it desirable to emphasise, however, that such work is of great and material 
importance to the contractor and the concrete specialist, and, as we remarked 
before, it is surprising that more is not done in such investigation. A few pounds 
spent in this way would save a great deal of money on many jobs ; hardly any 
job is too small but some slight investigation would repay the cost. Really a 
scientific study of the proper manufacture of concrete has not been conducted by 
experts, who, one would think, would have given attention to it. It is not a 
matter of pure science either, for the immediate economy obtainable by such 
investigation has been so often proved that it would be more charitable to lay 
the blame for this indifference upon the fact that the experts are busy studying 
other commercial aspects of the business. The manufacture of cement has pro- 
eressed greatly these last few years, but the understanding of how to make good 
concrete has not advanced in equal degree ; to a great extent we still remain in 
the ‘ dark ages ’” of concrete. 


THE CONCRETE INSTITUTE. 
THE next ordinary general meeting of the Concrete Institute will be held at 
Denison House, 246 Vauxhall Bridge Road, Westminster, on Thursday, April Oth, 
1911, at 8 p.m., Sir Henry Tanner, 1.5.0., F.R.I.B.A., presiding, when Mr. С. 
Percy Taylor will read a paper entitled '" The Reinforced Concrete Pier at Swans- 
combe,” to be illustrated by lantern slides. 

A Students’ Section is being established in fulfilment of one of the chief 
objects of the Institute—namely, to advance the knowledge of concrete and 
reinforced concrete and their constituents, and to direct attention to the uses to 
which these materials can be best applied. In further extension of this policy a 
course of educational lectures on the subject of “ Reinforced Concrete ” is being 
arranged for students and the public; these will be given on six consecutive 
Wednesdays, commencing April 26th, at 5.45 p.m., and occupying approximately 
one hour, the lecturer being Mr. К. W. Vawdrey, B.A., Assoc.M.Inst.C. E., M.C.I. 
Admission will be free, by ticket obtainable on application to the Secretary. 

The Concrete Institute has made progress during the last year, its membership 
having increased by 55. It has reported on a number of technical subjects, and 
it has been consulted on various matters by public authorities, societies, and 
others. 

The offices of the Concrete Institute have been removed from 8 Waterloo 
Place, S.W., to Denison House, 296 Vauxhall Bridge Road, Westminster, S.W., 
and their telephone number is now 2112 Victoria. Тһе new offices will be 
more accessible to the majority of members, and will give increased accommoda- 
tion. A library and reading room will be formed for the general use of the 
members, while the advantages obtained by holding general meetings in the 
same buikling are apparent. 


ASSOUAN DAM. 


THE RAISING OF 
THE ASSOUAN DAM. 


The completion of the Assouan Dam was one of the greatest works of our times. The 

raising of the dam means not only the improvement and extension of a fine piece of civil 

engineering, but also innumerable additional tenefits for a country for the prosrerity of 

which we are largely responsible. The work is proceeding rapidly and the raising will be 

completed two years hence. The following notes, written on the spot and illustrated by 

excellent photographs, should be of interest to all civil engineers and those concerned with 

the use of Portland Cement Concrete in particular. —ED. 
WHEN the Assouan Dam is mentioned in engineering circles at home, its import- 
ance, dimensions, and the technical difficulties surmounted are invariably described 
as “ very great," yet no one who has not actually seen the structure can realise 
its remarkable value, its magnitude, or its position as one of the great engineering 
wonders of the world. Drawings, photographs, and figures do not, and in fact 
cannot, properly express the character of this great dam. It requires the visual 
and mental observation of both the work, its location and its utility, to fully 
comprehend its magnificence. 

That this great work should have been conceived and executed by British 
engineers and contractors will stand to our lasting credit, no matter what our 
position in the world's engineering may be in other directions. 

If the Assouan Dam, as originally built to control the waters of the Nile 
be a magnificent achievement, we venture to think that the present work of 
raising its height some further twenty odd feet must likewise rank as an 
undertaking of the highest order, and in certain respects we consider the 
engineering difficulties that have to be overcome not a whit less important than 
those surrounding the completion of the original structure. 

Expressed briefly, the original dam accumulates 234,000,000,000 gallons of 
Nile water for irrigation purposes, by which means about half a million acres of 
land have been rendered cultivable. The dam runs 2,150 yd. across the Nile, 
rises 130 ft. above its foundation, has a width of 23 ft. at the top, and 180 sluices. 
The additional height will mean water storage 2! times that of the present enormous 
amount, and close upon another million of acres rendered arable. 

In order to attain this additional storage capacity, the dam is not only being 
raised about 23 ft., but it is also being thickened, this comprising an additional 
16 ft. taken down the face to the foundations and firmly bedded into the great 
aprons that prevent erosion at the foot of the dam. Some three years’ work 
on this strengthening of the dam has already been done, and another two years’ 
on the raising of the structure will probably mean completion sufficiently early 
In 1913 to obtain the additional water storage for that year. Some special 
views of exceptional interest presented in these pages illustrate the current 
work in progress. 
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The primary difficulty has been the joining up of the new work with the 
old, and in this Portland cement has played an all-important part, the joint 
between the old work and the new being about 6 in. wide, close upon тоо ft. 
high, and fully 2,000 yd. long, this length, however, being divided into sections. 
A liquid grout is used. It is mixed in three large mixers and carefully run in 
through metal flexible hose, loose stone (of under 2 in.) having been left in the 
joints to serve as aggregate, and the grouting taking place when the temperature 
of the new work and the old is approximately equal. The means by which this 
grouting is effectively and carefully done, the records showing the temperature 
of the new and the old work, the mixture of the grout, and the reasons governing 
the adoption of the precise mixture used, are all matters of the greatest possible 
interest, and when the work has been completed, they will be the subject of 
papers by the Director-General of Reservoirs, Mr. Macdonald, C.M.G., whose 
thoroughness in the collection of reliable data on matters of this kind is one of 
the great assets of the engineering profession. In the meantime, it should be 
mentioned that the scheme applied for this complex work is excellent, particularly 
having regard to local climatic conditions and the cosmopolitan staff of workers 
and foremen. 

Of the supplementary works in connection with the raising of the dam, we 
would mention the extension of the series of locks to take the Nile steamer traffic— 
this extension involving a strengthening of the locks generally, an additional 
gate some 8o ft. in height, and a clever re-arrangement of the existing lock gates. 
Here, again, when the work is completed, the design and programme of execution 
will merit a paper for the information of the engineering profession, for the 
difficulties to be surmounted were considerable, and the time limit by no means 
liberal. | 

For those concerned with concrete, the work at the dam has the peculiar 
interest of being a gigantic example of the application of Portland cement concrete 
and Portland cement generally. British Portland cement has been used through- 
out, and in the present work—which involves an expenditure of a million and a half 
sterling—a large part is from the works of the Associated Portland Cement 
Manufacturers, Ltd. The responsibility of providing a perfect cement at such 
a distance from the Thames for use in a climate of exceptional dryness and high 
temperature should not be underrated, the more so as the slightest hitch in the 
qualitv of the material may at any moment involve a very heavy expenditure 
of time and money in the pulling down and re-erection of the work, seeing that 
not the slightest of risks can be taken in the execution of this great undertaking. 
The old aeration method, by the bye, is very wisely not adopted at Assouan. 
The cement reaches the dam aerated and ready for use; the absurd natural 
aeration, against which Mr. Bamber recently lectured before the Institution of 
Civil Engineers, is not practised in this up-to-date engineering field. 

This article, as already indicated, is not intended to present the technical 
details of the raising of the dam, but the illustrations are of sufficient clearness 
to show some of the features of the work. The position of the great joints, the 
pipes for pouring down the grout into the joints, the horizontal inspection and 
test pipes, the bars use between the new and the old work, all show distinctly 
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on the photographs reproduced. Likewise, the difficult masonry around one 
of the sluices, the type of grout mixer, the great lock gate, etc., are clearly indi- 
cated. In one respect, however, the photographs quite fail to give the correct 
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impression, and that is, as indicated above, in the matter of size and scale. 
Photography cannot fully assist the reader in this direction. 

As to the responsibility for the work now in hand, it must be divided between 
the late Sir Samuel Baker, Sir William Garstin, and Mr. M. Macdonald, yet as a 
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owners of the plates.) 


THE Assovan Dam. 
View of the up-stream entrance to the series of locks. 


The lock gates are about 80 ft. high.) 


(Note: 


o 


matter of fact it 15 the latter on whose shoulders rests much that relates to the 


design and everything concerning the execution of this undertaking. 
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tion, Mr. Macdonald is supported by Mr. McCorquodale and an enthusiastic staff 
of civil engineers largely hailing from Scotland. 

The contractors for the dam proper are Messrs. John Aird & Co., and Messrs 
Ransomes & Rapier are providing the ironwork. The contractors, it should 
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An interesting piece of double-curved granite masonry on the thickening of the down-stream face 
(Sluice No. 1, Set 1) 


be added, appear to be doing their part well, and there is an absence of that 
friction which has unfortunately been a feature of some of the great engineering 
contracts at home. That this smooth working prevails has, we think, been 
largely due to the concise and clear form of the specifications and instructions, 
and the constant supervision of the smallest features of the work. 
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We would like to deal with other technical and administrative features of 
the raising of the dam, but we fear to record matters prematurely before its 
completion, and to describe features which should in the first instance be dealt 
with by those who are responsible for the work. What we know of the under- 
taking, both of its main features and the many supplementary or allied circum- 
stances, all tends to show that we have before us not only a great engineering 


THE ASSOUAN Dam (Copyright (1971) of 
owners of the plates.) 


One of the three large cement grout: mixing machines. 


work, but technical management of “unusual excellence. The raising of the 
Assouan Dam is one of the few pleasurable instances of the successful handling 
of modern civil engineering, where every department and side-issue merits praise, 
and we trust the perfection of the work and its moderate cost will be duly 
appreciated by the members of the technical professions at home. 

There is one additional word we would like to say to architects, archeologists, 
and artists. The dam, Бу its look of utility and power, has all the features of a 
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great work of art. The bold, straight line of plan, the curved front, the sluices 
with their well-regulated streams of foaming water, all speak forcibly of a well- 
conceived purpose well executed with the least possible waste of material and the 
least possible superfluity of strength. Аз perfect manhood is beautiful, so is 
the Assouan Dam, and those who write to the contrary do not know what beauty 
means. 

Finally, one word to these critics as to the submersion of the Temple of 
Philae caused by the raising of the Assouan Dam. This temple is one of many 
ruins situated between Cairo and Wadihalfa, and although the temples as a whole 
are of the greatest possible interest, the single specimen is a mere entity. What 
each entity is able to teach the present age has been investigated and recorded, 
and these records are duly housed within easy reach of students. Whether one 
or a dozen of the ruins disappear to-day is merely a matter of sentimental regret. 
The practical loss would be nil, for there is no utility in the ruins, and all thev 
have to teach us has been duly taught. To demand that the possible submersion 
or occasional submersion of one or more ruins should stand in the way of the 
development of Egypt is as unreasonable as it is inhuman. Humanity requires 
that our knowledge, skill, and means be applied to the improvement of mankind. 
The lot of the Egyptian is vastly improved by the regulation of the Nile. With 
the increased prosperity of Egypt, funds become available for better hygiene and 
sanitation, for the reduction of eye-diseases, for elementary education and for 
general civilisation, and it is absurd to expect that all such benefits should be 
prevented or retarded for the sentimental views of egoistic art-lovers who for the 
most part know little and care less for Egypt. We work for the future. The 
past is very well cared for. 
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IN February, 1910, a committee was appointed bygthe President of the Board 
of Education to inquire into the cost of School Buildings, and was constituted as 
follows : 
Mr. L. A. Selby-Bigge, C.B., Principal Assistant Secretary of the Elementary 
Education Branch of the Board of Education (Chairman). 
Mr. N. T. Kershaw, C.B., Assistant Secretary of the Local Government 
Board. 
Mr. F. Clay, Architect of the Board of Education. 
Mr. J.G. Milne, Senior Examiner of the Board of Education, to act as Secretary. 
The committee were to report on the following : 


(a) Whether the cost of buildings for public elementary schools can 
properly, and with due regard to their suitability and durability, be reduced by 
the use of materials or methods of construction different from those ordinarily 
emploved at present ; and, if so, 

(b What steps should be taken to facilitate the adoption of such materials 
or methods, and whether any alteration in the law is required for the purpose. 


The committee held sixteen meetings, examined thirty witnesses, and 
visited buildings at Anerley, Ipswich, Bordon Camp, Harrow, Borstal and Windsor 
for the purpose of investigating novel methods of construction. They communi- 
cated with the Councils of the Royal Institute of British Architects, the Royal 
sanitary Institute, the Land Agents' Society, the Surveyors' Institution, the 
Quantity Surveyors’ Association, the Institution of Civil Engineers, the Association 
of Municipal Corporations, and the County Councils" Association ; also with the 
War Office, Admiralty and Home Office. 

Before dealing with the specific question referred to them, and attempting 
to estimate the reduction in cost obtainable by the use of novel materials or 
methods of construction, the committee found it necessary to consider what 1s 
the standard cost of school buildings according to the best existing practice. 
They, therefore, had to consider not only the actual present cost of school 
buildings, but also the causes to which that cost is attributable, and the means 
by which it might be reduced. In this connection the committee discussed the 
“ useful life " for which an architect should allow in designing school buildings. 
As the standards of ventilation, lighting, sanitation, etc., have risen very greatly 
in the last 25 years, and as the purposes which a good school serves now are very 
different from those in vogue a few years ago, it 1s obvious that comparatively 
modern buildings have become old-fashioned, and those which were erected 
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not long ago, and which are still structurally sound, have to be extensively 
altered or re-modelled in order to adapt them to the requirements of an up-to-date 
School. In designing school buildings, therefore, the architect cannot afford to 
overlook the possibility of their being re-modelled, or even abandoned, at some 
future date, and he should plan his buildings on the simplest possible lines, so 
as to facilitate alteration of the internal arrangements. He should recognise 
that the degree of durability and immunity from repairs, at which he may 
legitimately aim, is limited ; and that it is not good practice, either from an 
educational or from an economical point of view, to make school buildings as solid 
or durable as warehouses or churches. Moreover, as the population is of a 
shifting character, and it is uncertain whether any school or so large a school 
will be required in the locality after a limited period, something between a 
permanent and a temporary building is wanted. 

The committee dealt at length with the circumstances affecting the 
cost of elementary school buildings. Inthe course of their remarks on this point, 
they commented favourably on the fact that the liking for florid and pretentious 
elevations is less prevalent, and that the general improvement of the public taste 
is reflected in a greater appreciation of simple, dignified, and appropriate exteriors 
on which decorative trimmings are conspicuous by their absence. 

The evidence laid before the committee indicated that the most economical 
buildings had been provided by architects who have made a special study of 
school planning. It was also their opinion that by the employment of a local 
architectural staff substantial economy was effected. They had received evidence 
that in certain cases the specifications for school buildings have contained 
directions for the use of materials which had to be brought from a distance when 
equally satisfactory materials could be obtained at a cheaper rate in the immediate 
neighbourhood ; and in this connection we would point to the distinct usefulness 
of using concrete in districts where bricks cannot be obtained cheaply, and where 
stone is also scarce. In all such circumstances aggregates can be obtained for 
making concrete, and the cartage of the cement necessary would be a very small 
item of expense. 

In concluding the remarks on the circumstances affecting the cost of school 
buildings, special emphasis was laid on the material saving which could be 
effected by attention to small savings on numerous items. 

In dealing with the possibility of saving on certain details, the following 
extracts from the report may be of interest : 

Foundations.— There is a considerable amount of evidence as to the value 
of reinforced concrete for the purposes of foundations in unstable soils. It has 
frequently been used in connection with school buildings, and was referred to 
particularly by Mr. Hutchings and Mr. Jacques—the latter had in one case saved 
about 80 per cent. of the cost of foundations bv adopting a raft of reinforced 
concrete instead of carrving piers down to the solid ballast. The conditions in 
this instance were rather exceptional, but a material saving mav be expected from 
the use of this system wherever the soil is at all treacherous, and Mr. T welvetrees 
contended that even on fairly good ground a saving on the amount of material 
required for bases and footings might be effected by reinforcement. 

Mr. Slater, in the paper to which reference is made below, points out that, 
owing to the almost universal usc of ccment concrete, brick footings are now 
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practically superfluous, and greater strength at a less cost тау be secured by 
making the footings of walls entirely of cement concrete. He estimates the 
average saving effected on this item at about 25 per cent. 

Floors.— For the purposes of ground flooring Mr. Gilmour Wilson considered 
that boards laid on concrete would prove quite as satisfactory as, and cheaper than. 
wood blocks. The same point was taken by Colonel Drummond, and is developed 
in an article on “ Structural Economy,” bv Mr. E. A. Slater, which has been 
brought to our notice. Mr. Lingen Barker recommended jointless floorings, 
such as cork adamant, as more economical in the long run than boards, on account 
of their greater durabilitv, but he had not had actual experience of their ability 
to stand the wear of a public elementary school. 

In upper floor construction the utility of reinforced concrete as an economical 
method has been widely recognised, and it seems clear that in most instances it 
effects a saving in cost over steel joists. 

Roofs.—It was suggested to us by a few witnesses that some saving might 
be effected by the изе of asbestos slating instead of ordinary slates or tiles : the 
economy would arise, not from the cheapness of the covering material, but from 
its greater lightness, which would permit of a considerable reduction in the 
scantling of the roof. This point was specially pressed upon us by Mr. Lingen 
Barker, who estimated that a roof of asbestos slates would cost, including the timber 
work, about 15s. a square less than a slated roof, the price of which he took at 
40S. a square. We have examined roofs of this construction at Harrow Sana- 
torium and Borstal prison, and they seem to be satisfactory. 

In some cases a flat roof of reinforced concrete covered with asphalte might 
be used, and would prove economical. For town schools this would have the 
additional advantage of supplying a roof playground, and would be fireproof. 


NOVEL MATERIALS AND METHODS. 
In the course of the inquiry into novel materials and methods, the following 
systems of construction were dealt with : 
(i) Steel Frame Buildings : 
(a) with thin solid curtain walls of concrete ; 
(b) with hollow curtain walls of concrete slabs ; 
(c) with curtain walls of brick, hollow or solid ; 
(d) with curtain walls of patent materials ; 
(e) with hollow curtain walls of expanded metal faced with cement 
and plaster. 


(1) Reinforced Brickwork. 

(mn) '' Ferro’’-Concrete Buildings. 

(iv) Brick Buildings with solid 9-tn. walls. 

у) Brick Buildings with thin hollow walls. 
(vi) Timber Frame Buildings with slab casing. 
(vii) Wooden Buildings. 


(i)—(a) Steel Frame Buildings with Thin Solid Curtain Walls of Concrete. 

In the course of this inquiry particulars of a building, erected for the Poor Law 
School at Anerley, were submitted by Mr. Cecil Sharp, A.R.I.B.A. A description 
of this building, with plans, appeared in our issue of November, 1959. The plans 
and particulars aroused interest among certain local education authorities, and the 
Liverpool Education Authoritv proposed to {гу a somewhat similar {уре of building 
at Liverpool. The total finished thickness of the concrete slabs at Liverpool would 
be 41 in. ; the slabs to be rough-cast outside, and plastered on the inner surface. 

Mr. T. Ernest Hawkins gave particulars of the buildings at the Franco-British 
Exhibition, which are erected on this principle of stecl frames and concrete slabs, 
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upon which is placed the external cement and internal plaster treatment. Mr. 
Hawkins said : 

He had constructed schools, permanent and temporary, in all parts of the 
country, but was particularly a specialist with regard to the construction of tem- 
porary schools of wood and iron, and had been advocating for sevcral years the 
utilitv of semi-permanent schools constructed of reinforced concrete slabs. Не 
quoted the buildings erected by his firm at the Franco-British Exhibition. These 
were not put up as permanent structures, since the Exhibition was only expected 
to stand for three years ; but the principle could easily be adapted to give a much 
longer life. The majority of the buildings were of one storey, but there were 
some of two or three storeys. The whole of the weight was carried on steel frame- 
work, with curtain walls of 3-in. concrete slabs. An intermediate reinforcement 
of horizontal bars had to be used where the wall ran over a long span. The walls 
were plastered outside with lime plaster; for a permanent building he would 
use cement rough-cast. Reinforced concrete slab buildings of this kind were 
most suitable for districts where it was impossible to gauge the possible require- 
ments of the locality a few years ahead, and where more expensive buildings, if 
supplied, were often in a few years' time quite unsuitable for the altered conditions 
of the district. 

He considered that a satisfactory school building could be constructed on this 
principle with 3-in. walls, or 4-in. finished, for a single storey. Walls of this 
description were just as rigid, just as warm, and almost as lasting as a brick struc- 
ture. This kind of structure would have becn adopted by several local authorities 
if loans could be obtained on the same conditions as for brick structures. He had 
built temporarv schools on this principle at Rotherham and Oldham. 

As to the life of these buildings. there was no reason to think that it was not 
equal to that of a brick building ; he would be prepared to guarantee them for 
40 vcars. Their great recommendation was their extreme cheapness ; the cost 
worked out to under /4 per head. Such buildings were accepted by insurance 
offices as an even safer risk than brick buildings, and, their durabilitv being equal, 
there was no reason why loans should not be granted for them on the same terms 
as for brick. 

The relative cost, for walls of school buildings, of reinforced concrete slabs 
and of brickwork, as ascertained from comparison with schools erected for the 
Middlesex and Surrey Education Committees, is as follows :— 

Concrete slab walling, finished (including plastering), with reinforced steel 
bars, 6s. 6d. per vd. super. 

Fourteen-in. brickwork (including facing and inside plastering), 13s. per 
vd. super. 

There is a further saving of 5 per cent. in the foundations of the former, 
which, distributed over the whole of the brickwork, would represent a total saving 
of Io per cent. on the total brickwork cost. The walls in concrete slab being 
4 in. thick, instead of 14 in., an increase of 5 per cent. is obtained in the cubical 
contents of thc buildings. 

After examining the cost of various permanent schools erected in brickwork, 
he found that a total saving of approximately 22 per cent. on the gross total cost 
of the buildings would have been effected bv using reinforced concrete slab walls ; 
while for semi-permanent works the saving could be made at least 33 per cent. 

(0—(b) Steel Frame Buildings with Hollow Curtain Walls of Concrete Slabs. 

Mr. Cecil Sharp, who was examined in this connection, stated that in his opinion it 
would be an improvement to substitute hollow walls in concrete slabs for the solid 
wall. He drew attention to the necessity of having thoroughly scasoned conercte 
blocks ; blocks six months’ old, he said, had reached their final state, and would not 
develop flaws or show movement. 

The desirability of making concrete walls hollow was pointed out by Mr. Н. D. 
Searles-Wood, F.R.I.B.A.. who said that this was necessary to obviate the conden- 
sation which took place on the interior of the walls owing to the non-absorbent character 
of the concrete. 
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(0—(с) Steel Frame Buildings with Curtain Walls of Brick. | 
The report mentions that this method, like the last, seemed to offer points worthy 


of consideration and to be likely to prove of service in some localities. Whether 
hollow brick or concrete filling in connection with steel framework would prove cheaper 
would be largely determined by the circumstances of the district in which the building 
was to be erected. 


(i)—(d) Steel Frame Buildings with Curtain Walls of Patent Materials. 
Various forms of patented blocks are used for forming the curtain walls of a steel 


or wooden framed structure, and several of these were examined. The one known as 
“ Frazzi " is made up into hollow blocks, measuring about 2 ft. by І, and 3 in. thick, 
strengthened internally by ribs. It is necessary to cement the outside as the blocks 
are not waterproof. It is claimed that these blocks when cemented together have 
sufficient strength and rigiditv, in the case of small buildings, to stand and carry the 
weight of the roof. 


()—(e) Steel Frame Buildings with a Hollow Curtain Wall of Expanded Metal faced with Cement 
and Plaster. 


The committce gave particulars of a proposal which has been submitted to the 
Board of Education for the erection of a school at Nacton, in East Suffolk, on a method 
which has been extensively employed for cottages on Captain Pretyman’s estate. 
A steel framework is constructed, strengthened by cross-wiring, and this frame is 
filled in with expanded metal lathing on both sides; the outer side is faced with a 
layer of cement and rough-cast 1} in. thick, and the interior with j in. of plaster, a 
cavity 6} in. wide being left between the two sides ; the lower part of the wall is built 
in brick up to plinth level, or, in the case of a school, to the under side of the window 
sills. Cottages designed on this system have been visited, and the result appears to 
be satisfactory, and there is no reason to suppose that it would be unsuitable for 
school purposes. In this particular district the high cost of brick building enables 
this form of construction to be used at 25 to зо per cent. less cost than brick. 

The report went on to say that in regard to steel frame construction generallv, 
whatever form of filling may be adopted, attention has alrcady been drawn to the 
fact that considerable economy would be effected in the space occupied by a school 
building, owing to the diminished thickness of the walls : Mr. W. E. Riley, F.R.I.B.A., 
estimated the saving in area at 8 percent. A further advantage, which has also been 
mentioned above, and is common to all forms of stcel framework, is the economy 
in foundations rendered possible by the lighter building ; and on an insecure foundation 
a wall contained in a steel frame is certainly safer than a plain brick wall. On the other 
hand, all the forms of filling proposed require to be made weather-proof bv a facing 
of cement rough-cast or a similar material, 


(ii) Reinforced Brickwork. 
A method of forming double walls, which it is claimed secures adequate con- 


structional strength while permitting each wall to be built of 44-in. brickwork, or even 
3-in. by the use of brick on edge, was brought to the notice of the committee by Major 
Н. 5. К. К. Rogers, Surveyor to the Prisons Commission, who has used it extensively 
in prison work. At Borstal Prison, where it was used, the weight of the roof is carried 
on reinforced concrete piers built up on the spot. The method upon which the walls 
are constructed is known as '' Reinforced Brickwork," and consists of the use 
of galvanised wire netting, strengthened by longitudinal wires and made of a suitable 
width to be entirely buried in the thickness of the wall, placed in every third or fourth 
course of the brickwork. This is said to increase the strength of the wall to a very 
marked degree, and to offer great possibility of economy in dealing with difficult 
sites and insecure foundations. 

As regards cost, it is stated that a wall, built of brick on edge and reinforced 
every other course, in 2 to І cement mortar, will, in normal cases, cost about 2s. 74d. 


260 


COST OF SCHOOL BUILDINGS. 


per vard super. ; this will be reduced to 2s. 31d. if the reinforcement is put in every 
third course. A 4}$-in. wall will cost 3s. 114. and 35. 5d. respectively рег yd. super. 

А modified form of hollow brick wall is now being tried by Mr. Fisher for the 
Berkshire Local Education Authority ; in this the wall is formed by two 3-in. thick- 
nesses of brick on edge, reinforced with steel wire mesh, and a 3-in. space between ; 
the weight is taken on piers of solid 9-in. brickwork reinforced, so giving a 9-in. wall 
throughout, which is hollow between the picrs. 

The evidence scemed to be in favour of the conclusion that hollow walls of rein- 
forced brickwork might prove suitable and satisfactorv for school purposes and under 
some conditions might also be economical. 


Gi). —*' Ferro ''- Concrete Buildings. 

The committee reported that they had received a considerable amount of evidence 
as to the possibilitv and advantages of employing for school buildings the various 
types of reinforced concrete construction. In the course of their examination on this 
point the following evidence was given by Mr. W. Noble Twelvetrees: 


Mr. Twelvetrees pointed out that the material (a) lends itself to 
any style of architecture; (b) can be employed for the construction of 
every detail from foundations to roofs, the building being monolithic 
throughout; (с) can be used for the construction of a skeleton frame 
supporting and transmitting all loads to the ground; the pancls of the walls 
and roofs can be filled in with ordinary materials, which, having no load to carry 
in the walls, may be much thinner than the usual type; (4) makes a building 
of exceptional strength and capable of acting as a single unit, and thus 
unaffected by any subsidence or local weakness under the foundations ; (e) is one 
of the best fire-resisting materials known ; (f) is suitable on hygienic grounds, 
being impenetrable by vermin, harbouring no germs, and checking exhalations 
and moisture; being non-porous and non-conductive, it conduces to equable 
temperature ; (g) concrete increases in strength with age and is free from decay 
and corrosion, thus needing no maintenance or repairs beyond cleansing and 
painting for decorative purposes. On the last point, he drew attention to the fact 
that the durability of steel and concrete used separately had never been questioned 
by architects, and, therefore, their durability when used in combination ought to 
be accepted. 

On buildings of two storeys there would be a saving of about 5 per cent. all 
round on first cost and on higher buildings an additional 5 per cent. per storey up 
to a maximum of 15 or 20 per cent. Їп апу case there would be a saving in main- 
tenance, as no repair would be required. Witness would prefer to make a reinforced 
concrete skeleton, like a stecl skeleton, and fill in the walls with concrete hollow 
blocks, bricks, or hollow bricks. There would be a saving of 10 to 20 per cent. 
over a steel skeleton, and the same over ordinary brick construction. 

Taking the items of construction separately, witness said that in foundations 
reinforced concrete offered great economies for unstable soil, while even in fairly 
solid soil reinforced concrete column bases required far less material than ordinary 
footings extending beneath the wholelength of the walls, and thus effected a saving. 
He quoted a case of a building at Newcastle-on-Tyne where a reinforced concrete 
raft had been put under the building, and had resulted in a saving of 50 per cent. 
on the original design of a concrete foundation of piers going down to the solid. 
Similarly, at the Gencral Post Office column foundations in reinforced concrete had 
been used and saved about 50 per cent. on ordinary concrete blocks. 

In regard to columns, he estimated that reinforced concrete would give a 
saving of about 25 per cent. over steel columns to carry the same loads and could 
be used to carry a strain where a brick column would be of prohibitive cost, as the 
safe compressive strength of concrete properly reinforced averages ten times that 
of brick masonry. The concrete column would also be better than protected 
steel for resisting fire. He agreed, however, that from the point of view of the 
Board of Education steel columns from a good maker would require less super- 
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vision during erection than reinforced concrete columns, unless the latter were 
executed by thoroughly reliable and experienced contractors. 

Witness thought that the only economy in the construction of walls arising 
from the use of reinforced concrete would be due to the possibility of replacing 
thick masonry by thin curtain walls, as these would not have to carry any load. 
Interior walls could be put up very cheaply of special slabs or by plastering cement 
mortar on expanded metal or other tvpes of lathing. 

As regards floors, he admitted that reinforced concrete was dearer than timber, 
but considered it would usually come out cheaper than steel joists with plain con- 
crete or tile panels ; he had particulars of three cases where the saving was 114, 121, 
and 15 per cent. respectively. The reinforced concrete was also less susceptible 
to heat, and so safer in case of fire, than steel joists. 

For the purpose of staircases there was no saving in the use of reinforced 
concrete, but the material was better. When exposed to fire, it did not splinter 
and crack like stone, it did not burn like wood, and it did not buckle like steel. 

He thought that for flat roofs there was an economy in the use of reinforced 
concrete ; there would be no saving in a sloping roof, but the material might be 
emploved with advantage, as it would make a roof impervious to moisture and 
immune from injury bv fire. 


(iv) Brick Buildings with solid 9-inch Walls. 
The report states that the Board of Education have several times been asked 


by local authorities to sanction plans showing solid brick walls only g in. thick, and 
that there is practically unanimous agreement among the witnesses that a plain g-in. 
brick wall would be satisfactory “ if covered with rough-cast or cement or other 
Impervious surface," especially in the case of small single-storey country schools. 
The committee thought it doubtful whether it would, at all events if built in mortar, 
give sufficient constructional strength, in view of the long walls without cross walls 
that a school requires. On the whole, while it did not appear to them that any great 
Saving would be effected by the adoption of g-in. in place of 14-іп. brick walls, they 
were of opinion that a 9-in. wall, if properly supported and suitably treated on the 
outside with rough-cast, cement, stucco or other material which will ensure dryness 
and contribute to warmth, might be permitted for school buildings. 


(v) Buildings with Thin Hoilow Brick Walls. 
Most of the witnesses regarded such walls as better than o-in. solid brick walls 


for retaining warmth and rcsisting damp, but inferior in constructional strength and 
objectionable on account of their tendency to transmit sound. 


| (vi) Timber- Framed Buildings with Siab Casing. 
In this connection the committee had visited a sanatorium, at Harrow, erected 


on this mcthod. The outer walls are formed of timber framing 4 in. thick, cased on 
the outside with “ Fram ” slabs 2 in. thick, and on the inside with similar slabs I in. 
thick, the outside finished with cement rough-cast. This appeared to make a sound 
and comfortable building. 


(vi! Wooden Buildings. 
Generally the committee found that wooden buildings were more comfortable 


and satisfactory than buildings of corrugated iron lined with wood, but thev would 
require a larger expenditure for maintenance. The chief objection to wooden 
buildings is the risk of fire. 


BY-LAWS AND BUILDING ACTS. 
It was the unanimous opinion of the witnesses examined that school buildings 


should be placed on the same footing as buildings erected under the approval of 
a Secretary of State and other buildings exempted from the operation of local bv-laws 
and Building Acts, and that legislation should be promoted for this purpose. They 
regard it as quite sufficient guarantee for the soundness of the structural design of a 
school that the plans should have been passed by the Local Education Authoritv and 
the Board of Education. 
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GENERAL CONCLUSIONS. 
The following are the conclusions arrived at by the committee : 

We have been much impressed in the course of our inquiry with the great 

economies which can be secured bv good designing, careful attention to details 
of construction and finish, and by keeping in view the probabilities which affect 
the “ useful life " of school buildings. Taking the country as a whole, it is probable 
that for some time to come there will be as much saving effected in the erection 
of school buildings by skilful and businesslike employment of methods and 
materials in ordinarv use, as bv adoption of novel methods and materials . 
We have already expressed our admiration of the work which is being done in 
certain arcas by school architects working under enlightened and business-like 
local authorities. Whatever materials or methods of construction they may 
adopt in the future, we look with some confidence to their example to effect a 
substantial reduction in the average cost of school buildings coupled with 
an increase in their efficiency. 

We have been embarrassed in our inquiry by the small number of buildings 
erected on novel lines which are at all comparable with school buildings, or which 
would enable us to judge how far the methods and materials employed are reallv 
suitable for school purposes. We find it difficult therefore to speak with much 
confidence on this point, and our recommendations can amount to little more 
than an expression of opinion in favour of experiment. Most of the witnesses who 
have assisted us were themselves commendably modest in their claims for the 
systems they advocated, and very candid in discussing objections to them. The 
scarcity of experimental school buildings is attributable partly to the natural 
preference by architects for materials and methods with which they are thoroughly 
familiar, and which require comparatively little supervision of the work in process 
of execution. It is also attributable to a great extent to the fact that the Building 
Regulations of the Board of Education do not contemplate, and do not encourage, 
experiment in novel materials or methods, and that in areas where the other 
conditions are most favourable to experiment the building by-laws do not admit 
of it. 

We have accordingly found ourselves obliged, in dealing with our reference, 
to consider ourselves as mainly concerned with the questions (a) do recent develop- 
ments in building practice show a fair promise of reducing the cost of school 
buildings if existing obstacles to experiments in construction are removed ; and, 
if that question is answered in the affirmative, (b) what steps can, and should, be 
taken to facilitate such experiments ? 

We do not regard ourselves as competent to pronounce authoritatively, as 
a technical commission might pronounce, for or against particular devices ; but, 
after making all allowance for the great difference in cost, as well as in efficiency, 
between good and bad school planning and good and bad construction with 
ordinary materials, and for the possible saving by means of greater care and skill 
in their use, we are satisfied that several of the suggestions made to us are distinctly 
promising and offer a fair prospect of further saving. We therefore feel justified 
in answering the first question in the affirmative. As regards the second question, 
we have no hesitation in recommending that the existing obstacles to experiment 
should be removed, and that the Board of Education and the Local Government 
Board should be placed in a position to facilitate the execution of such proposals 
for the use of new materials or methods of construction, submitted to them bv or 
through local education authorities, as commend themselves after due consideration. 
While we do not contemplate or anticipate anvthing like a sudden revolution in 
school building. we do not, on the other hand, consider that either the local 
education authorities or the Government departments concerned are justificd 
in maintaining an unduly conservative attitude. 
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The following description of how to make concrete tanks should be found of great 
assistance to those desirous of carrying out concrete work on г Seats It is taken from а 
pamphlet issued by the Association of American Portland Cement Manufacturers. —ED. 


PROBABLY in no other way has concrete been more advantageously used than in the 
building of tanks. If one will stop to consider the use to which tanks are put, their 
diversity of location, and the great variety of shapes into which convenience moulds 
them, it will be understood why concrete is an ideal material for their construction. 

If a tank is to be built to withstand a large head of water, or under peculiar and 
difficult conditions, the services of an engineer should be employed, but for the ordinary 
tanks holding from one barrel of water to 20,000 gal., a man with some ingenuity 
and some knowledge of how to mix and place concrete can easily build one. This 
fact is of particular advantage to the farmer. Winter is the dull time on the farm, 
and tanks for the storage of water either in the house or in the barn can be built at 
this time with the help of farm labour. 


ADVANTAGES OF CONCRETE TANKS. 


Only a tank of concrete can be built to occupy the entire space, as this is the only 
kind of tank which needs no repairs. Tanks built of any other material require, 
in time, repairs from the outside, and space must be left that these repairs can be 
made. Wooden and steel tanks must be painted or caulked from both the inside 
and outside to prevent permanent leakage, or to keep them from so deteriorating as 
to render them useless. A concrete tank does not deteriorate in any way. Both 
wooden and iron tanks go to pieces rapidly when alternately wet and dry, the wood 
from rotting and the iron from rusting, particularly where they are subjected to extreme 
changes of temperature and a lack of circulation of air. Vermin also collect in and 
around them, and wooden tanks are often rendered useless by the vermin eating 
holes through the tank. Tanks of wood dry out in hot weather, and as they can 
never be built in one piece, the joints are sure to open if the tank is left empty in 
summer. \ 

The importance of a sanitary condition is becoming more and more recognised 
for both men and animals, as new scientific investigations go to prove that all diseases 
arise from lack of proper sanitary measures, In consequence, the ability to easily 
clean a tank is considered of prime importance. Nothing is easier than to drain a 
concrete tank and scrub out the inside whenever desired. Not only that, but practic- 
ally all the impurities which can accumulate are brought in by the water itself, and the 
surface of the concrete does not absorb them as does a porous material such as wood. 

In order to perfectly hold the water or other content, a tank must act as one 
piece. A concrete tank is, owing to the way it is built, a one-piece tank, without 
joints, and therefore cannot crack or separate. 


RECTANGULAR TANKS. 


Laying Out the Ground.—After the size has been decided upon, select a site 
near the water supply if possible, and mark off the ground. In selecting the size, 
remember that 73 gal. make 1 cu. ft., and that a barrel holds from 49 gal. to 54 gal. 
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Put four nails in the ground in the shape of a rectangle, to mark the outside 
line of the tank walls, and stretch strings from nail to nail. Excavate inside the 
space thus marked to a depth of 6 in. or 8 in. If the soil is good stiff material, the 
bottom of the tank may be placed directly on this ground. If the ground is soft, 
dig a trench just inside the strings 1 ft. dcep and 1 ft. wide to secure additional founda- 
tions. 

The ground under the proposed tank should be thoroughly tamped with as 
heavy a tamper as one or two men can handle. A block of wood, square or round, 
I2 in. or 14 in. across, with handles for lifting, makes an excellent tamper. 

Building the laside Forms.—For purposes of illustration we will describe how 
to build a tank 4 ft. by 4 ft. by 6 ft. high. This tank will hold 720 gal., or 15 barrels. 

Cut eight posts of 2-in. by 4-in. stuff 7 ft. long. Taper the posts slightly for 
about 6 in. at the bottom. Then cut enough I-in. surfaced boards to make two 
sides of the inside forms, making each board 3 ft. 10 in. long. 
| Make two marks on each post, the first 4 in. and the second 6 ft. 4 in. from the 
tapered end. These marks give you the bottom and top lines of the forms. Lav 
three posts on the ground, edge up, and nail on the first board, with its edge on the 
mark made 4 in. from the end of the post. Two posts should come flush with the 
ends of the 3-ft. 10-in. board, and the other near the middle. Nail on enough boards 
to fill the space between the two marks. This makes one side of the inside forms, 
and two such sides should be constructed.* 

Cut enough 1-in. surfaced boards 4 ft. long to complete the other two sides. 
Cut four morc pieces of r-in. board 3 ft. то in. long to be used for bracing the two 
sides already framed. Place them opposite each other, and 61 in. inside the string 
already stretched, with the posts on the inside. Hold the sides upright, and nail on 
two braces to the middle posts, using two of the last 3-ft. ro-in. boards which were 
cut for braces. In nailing these boards, their ends should come against the r-in. 
surfaced boards of the side forms. This will keep these forms the correct distance 
apart. Nail the 4-ft. boards to the end posts of the sides already in place. making 
the ends come flush with the outside of the forms erected. Place the middle posts 
inside these boards, and nail on the braces. Then nail the boards to the post from 
the outside. Place bricks or stones under cach post, raising them about 2 in. from 
the ground, taking care that the form is level and that the sides are plumb. 


Amount of Reiaforcement in Bottom of Tank.—The thickness of bottom will 
be made in all cases 6 in. ; for tanks of this depth reinforcement must be placed 2 in. 
from the bottom of the slab, and this reinforcement must run each way. 

Placing Reinforcing.— By referring to Table I., we find it necessary to use in the 
bottom one }-in. round stcel rod every 14 in., or five rods in each direction across the 
tank. These should be cut in lengths of 5 ft. each. Lay them on the ground spaced 
properly, the rods in one direction resting on the rods in the other. Then cut the 
rods for the vertical reinforcement of the wall. 


TABLE I. 
ЕЕЕ —*OA—À——ÁÁÁ———— 
Spacing of 3-in. | Spacing of 1-in. Spacing of 3-in. 
Depth of Tank. Round Rods. | Round Rods. | Кош Rods. 
3 ft. IO in. | == | ue 
43 8 4, IÓ in. — 
55» 73} وو‎ | 15 » Б: 
6 А) | 7 ” | I4 ,, E 
7n ! 61 „ I3 » xci 
5. | 5 12 5 24 in. 
9 ay 5 LE то, 20 ” 
10 2 | 4 J, | 5 ” 16 ub 


By referring to Table Il., we find that for a tank 6 ft. deep we require j-in. 
round rods spaced 5 in. apart. Fifty-two of these will be required. These rods 
should be cut 7 ft. long. Make a hook at each end of these bars. This can be donc 
by placing the end of the bar between two heavy spikes nailed in a block of wood 
and bending by moving the other end of the bar. The length of these bars after 


% i E ND - MINCE xi DROPS 27 a a a TEE 
An illustration of a form suitable for making a rectangular tank appears on разе 197 of our previous issue. Ep. 


265 


CONCRETE TANKS AND HOW TO MAKE THEM. 


they have been bent should be about 6 ft. 4 in. Rods should also be bent for the 
horizontal reinforcing. From Table II. we see that for this sized tank 1-in. round 
bars spaced то in. apart are required. Seven of these will be nceded on a side. 


TABLE II. 
SHOWING SIZE AND SPACING OF Rops IN WALL. 


| 
ls acing of ?-in. | Spacing of J-in. | Spacing of }-in. , Spacing of r-in. 
| pe Rods. | Round Rods. Round Rods. Round Rods. 
Depth Thickness | М E | i EA | 
of Tank. OE Wa N 7 


Verti- Hori- Verti- | Hori- Verti- Hori- Verti- | Hori- 


| | cal | zontal. cal. zontal. cal. zontal. | cal. | zontal. 
Ft. In. | Tn. In. | In In. In In. In. In. 
3 | 5 5 IO IO 20 — — —- — 
4 5 4 8 8 16 16 32 | — — 
5 51 3 6 6 | I2 | I2 24 — | — 
6 6} 21 5 5 IO IO 20 18 36 
7 8 —- -— 3 6 7 14 I5 30 
8 94 = 2 21 5 5 IO II 22 
9 10! — — | — = 5 IO IO 20 
10 I2 — -— —- — 4 8 8 16 


| °. | 


The 1-in. rods with hooks at each end should now be placed in position. This 
is done by hooking the lower end of all the bars on one side under the rods in the 
bottom reinforcing, coming about 2 in. outside the line of the form which has been 
erected, as shown in Fig. т, bars marked А and B. These bars should be placed, as we 
have previously stated, 5 in. apart. After hooking the lower end under one of the 
rods of the bottom reinforcement, the 
top end should be temporarily attached 


à to the side of the form, by tving a wire 
ph around the hook in the top of the bar, 
r А А А »و‎ 

IY and fastening this wire to a nailin the top 
PT edge of the form in such a way that it 
iQ can be easily removed. After having 
bg placed these vertical l-in. round rods in 
| rs Е 

IŠ the correct positions, the next step is to 
Pf place the horizontal reinforcement for 
13 the walls. This we have previously seen 
f$ consists of 4-in. round bars spaced ro in. 
1 apart. Attach these horizontal bars 
a every Io in. to the vertical reinforce- 


— 


ment just placed by means of wires 
twisted tight enough to keep the horizon- 


c 


ee E RE PARE tals from slipping down. Ап important 
Fic. 1. SECTION THROUGH CENTRE OF FORM, point in placing this horizontal reinforce- 
SHOWING REINFORCEMENT IN PLACE. ment is to take care that the ends of 


the horizontal bars do not mect at a 
corner. These bars can usually be obtained in lengths up to 20 ft. The size of 
the tank will determine the best lengths to cut. 

Bars 19 ft. long will be most economical for this — 7% round bars 

sized tank. The bars for horizontal side reinforcing 
should then be cut in half for convenience in 
handling, making each piece 9 ft. 6 in. long. Four- 
teen of these pieces will be required. Bend each 
piece at cach end 2 ft. 7 in. from the end at right 
angles, making а shape 4 ft. 4 in. long in the centre 
with 2 ft. 7 in. turned up at each end. (See Fig. 2.) k 
Wire these pieces to the vertical reinforcement 
already placed. The ends of these pieces will overlap 
on two of the sides about a foot. If it is not possible 
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to obtain the bars in sufhcient lengths to bend into the shape described, they should 
be bent into L shapes, and the ends be made to overlap about a foot as near thc 
centre of each side as possible. Where these bars lap, thev should be firmly wired 
together. The top horizonta! bar should be placed immediately under the hook in 
the top of the verticals. This completes the reinforcement for the tank. 

The outside forms should now be built. These consist of 3-in. by 4-in. posts 
7 ft. long and of 1-in. surface boards. Lay two of the posts on the ground and nail 
l-in. surface boards to them. For two of the sides these 1-in. boards should be cut 
5 ft. 1 in. long, and enough of them should be used to cover the posts to a height of 
6 ft. 6 in. The bottom of the first board should come exactly at the bottom of the 
posts, the ends of the boards being flush with the outside edge of the posts. For 
the other two sides the 1-1n. boards should be cut 5 ft. 3 in. Jong and should be nailed 
to the posts in the same way, except that the ends of the boards should project beyond 
the edge of the posts 2 in. А third post should be slipped under the 1-in. boards 
after they have been nailed to the two end posts and half-way between them, and the 
boards nailed to this third piece. When this has been done, the four sides for the 
outside forms have been built. The two sides for which the 5-ft. 1-in. boards have 
been used should now be set in place, parallel with the inside form previously erected 
and 6} in. outside of it. Care should be taken that the space of 61 in., which we 
sce from Table IT. is the thickness of wall required for a tank 6 ft. deep, is left between 
the two forms. These sides which have just been placed should also be carefully 
adjusted so that the outer ends project bevond the previously erected form 61 in. at 
each end. This position provides the required thickness of the wall on the other 
two sides. 

Under the bottom of each post a r-in. board 4 ft. long should be slipped. Cleats 
should now be nailed at the top of the inside and outside posts, to hold the top of the 
forms in position. Drive a stake into the ground at the outside end of the board 
which has been slipped under the posts of the outside form, and then nail inclined 
braces from this board up to the posts. Place in position the other two sides of the 
outside forms. The r-in. boards for these sides were cut 5ft. 3in. long, and the ends should 
overlap the two sides of the outside form which are now standing І in. at each end. 
As the posts for these two sides were kept back from the ends 2 in., they can be readily 
Nailed to the two sides which were first erected. The posts of these two sides should 
aiso rest on 1-іп. planks, and should be braced by inclined bracing, and the top spaced 
correctly by nailing the cleats between the inside and outside posts. А tight joint 
should be secured at cach corner and clay or loam should be packed outside the bottom 
of the outside form so that none of the concrete can escape. One at a time the wires 

У means of which the vertical reinforcement was temporarily attached to the inside 
form should be loosened. Bv means of wires attached to the top horizontal rod, 
and the cleats which hold the inside and outside forms the correct distance apart, 
the wall reinforcement can now be placed permanently in the correct position. This 
wall reinforcement should be 2 in. from the inside form, and the wire between the top 

orizontal bar and the cleats should be twisted tight until the reinforcement in the 
bottom of the tank, around which the bottom end of the vertical is hooked, 1s raised 
? in. from the ground. This bottom reinforcement will sag in the centre, and a brick 
Or stone should be placed under it so that it is everywhere 2 in. above the ground. 
l'his allows a 2-in. laver of concrete to be placed beneath the bottom reinforcement. 
Placing the Concrete.— The concrete should now be mixed in proportion of 1 part 
Portland cement, 2 of sand, and 4 of stone, with enough water to make a sloppy mix- 
fure, Then place it in the bottom of the tank bv throwing it into the centre of the inside 
forms and spreading it evenly over the bottom, taking care that a laver 2 in. thick 1s 
Secured under the bottom reinforcement. After the bottom, which is 6 in. thick, 
аз been completed, concrete should be placed between the wall forms, taking care 
that the walls are built up evenly on all four sides. The placing of the concrete 
Should proceed without intermission until the top of the wall is reached. Smooth 
off the top of the concrete with a trowel. After the concrete has been allowed to 
harden about twelve hours, the forms should be removed. АП of the inside posts 
Which were tapered should be pulled out of the bottom of the concrete and the holes 
in the concrete should be filled up with a mixture of 1 part Portland cement, 2 parts 
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sand, and enough water to make a thick paste. If there are any rough places in the 
walls, they can be easily filled up with cement тогќаг—І part Portland cement, 
2 parts sand—and if a particularly smooth job is desired, the inside and outside can 
be painted with a thin mixture of this same proportion. 


CIRCULAR CONCRETE TANKS. 

It is sometimes desirable to build tanks round instead of square. The forms 
for such a tank can be built exactlv in the same manner as for building silo forms. 
Table III. gives the amount of horizontal and vertical reinforcement necessary for a 
water-tank. This reinforcement should be placed in the centre of the wall. Concrete 
used for the purpose of constructing circular tanks should be mixed 1 part Portland 
cement, 2 parts sand, 4 parts stone or gravel. It should be mixed thoroughly and 
made fairly wet. It should be carefully spaded while being placed. 


TABLE Ш. 
| | 


(1) (2) 3 (4) (5) (б) (7) | (8) 
Thickness Diameter Spacing Spacing Diameter Spacing 
Depth. Diameter. of Con- of Hori- Horizontal Horizontal Vertical Vertical 
crete in zontal Rods at Rods at Rods. Rods. 
Wall. Rods. Bottom. Top. 
lt. Ft. In. In. In. In. In. In. 
5 5 6 } 8 18 і 36 
5 10 6 } 6 12 4 30 
IO то 8 ў 6 | 18 M 36 
IO I5 9 i 4 1S 3 36 
15 IO IO 1 4 | 18 M 30 
IS I5 | 12 4 6 20 : 30 


We will illustrate the method of using this table in building a tank 15 ft. deep 
and 10 ft. in diameter. From the table we see that the thickness of concrete in the 
walls of the tank 15 Іо in. ; that the size of reinforcement to be used is ł-in. rods— 
that is, round rods 2 in. in diameter ; for the first foot these rods should be spaced 
4 in. apart, and the vertical rods should be placed зо in. apart. The table calls for 
the spacing of the horizontal rods 18 in. apart at the top of the tank, and the inter- 
mediate horizontal rods will therefore be spaced distances varving from 18 in. to 
4 in. ; thus in the second foot from the bottom the horizontal rods will be 5 in. apart ; 
in the third foot 6 in. apart, and so on to the fifteenth foot, where they will be 18 in. 
apart. 

Methods of placing this reinforcement are the same as described for square tanks. 

The tanks so far described are those coming above the ground. lor cisterns, 
wells, or tanks below the ground practically the same procedure is followed, with the 
exception of the fact that, asa rule, outside forms are unnecessary. In placing a cistern, 
mark out the size desired on the ground bv driving nails and stretching a string around 
them, and dig a hole to the desired depth inside the strings. The ground in which 
this hole is dug will usually be stiff enough to stand up without bracing, and if this 
is the case, should be used as the outside form. Inside forms can be made as described 
above and lowered into the hole. The concrete is then placed by dumping from 
the top. The thickness of the bottom, and of the walls, and the amount of reinforcing 
will be the same as those described above. If the ground is not stiff enough to stand 
up alone, and it is necessary to slope the sides, outside forms become necessary, and 
are built in the same way as described for tanks above the ground. 


CONCRETE ROOFS FOR TANKS, CISTERNS OR WELLS. 

All cisterns and many wells are provided with coverings, and these can be casily 
made ot concrete. Their advantage 1s obvious from the standpoints of both cleanliness 
and permanence. 

After the concrete for the side walls has been brought to the proper height, place 
a 5-in. board above it, and nail to the posts of the outside forms as shown in Fig. 3. 
In case no outside forms are used, this board can be held in position by driving 
stakes 1 in. from the outside face of the tank wall, and bracing. 

Saw or cut off the posts of thc inside forms 5 in. below the top of the concrete, 
and nail 2 in. by 4 in. joists to the top of these. Then place a 2-in. board or two 
1-in. boards on the concrete in the bottom of the tank, and on this place a row of 
posts under cach 2 in. by 4 in., to support them in the middle. If these posts are 
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not cut the exact length, thev can be raised into place by wedging between the board 
on the bottom and the lower end of the post. These posts can be of either 2 in. by 4 in. 
or 3 in. by 4 in. lumber. Toe 
nail the bottom of the posts, 
and fasten the top by nailing 
through the 2 in. by 4 in. from 
the upper side. Now cover 
the top of the tank inside the 
walls with I-in. boards. There 
is no reason for using surfaced 
stuff, but the boards should 
fit tightly together. In case 
cracks are left between after 
placing, they can be filled by 
smearing a little clay in them. 

Next place a box with 
sloping sides, the large end 
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i A being placed up, and fasten 

x |: securely to the boards cover- 

N P ing the tank. This is to pro- 

d vide for a manhole in the top 

iP of the tank. We suggest a 

bet hole 2 ft. square. The sides 

4 of the box should be 6 in. 

b above these boards. You are 

») now ready to place concrete. 

A: The thickness of the con- 

n TET SLL S Tap eT ТАМА? SRE L crete should be 6 in. in the 
DADA AQ IAS д: а a SY: Ata: middle, sloping to 5 in. on the 
Fic. 3. METHOD OF FORMING CONCRETE ROOFS FOR TANKS. edges, and you have already 


a gauge for these thicknesses, 
in the heights of the side forms and of the box in the middle. Any openings 
besides the manhole should be provided for, by boring a hole of the desired size and 
in the desired location in the forms, and either driving a pipe into it or a plug of 
wood. These should extend more than 6 in. above the form. Place 2 in. of concrete 
over the entire form, then put a sheet of heavy chicken wire, coming to within 3 in. 
of all edges, and place the rest of the concrete, making it come 6 in. in the centre (to 
the top of the form for the manho!e) and 5 in. at the edges (to the top of the form 
around the outside). The concrete should not be too wet, and should be tamped 
until water flushes to the surface. Finish the top by trowelling or with a rough float. 

A mixture of т part Portland cement, 2 parts sand, and 4 parts broken stone от 
gravel should be used. 

The manhole cover is now to be made. After the concrete in the tank roof ha: 
hardened for two or three davs, remove the form around the manhole. As it is only 
necessary to make the manhole cover 3 in. thick, place a false bottom of boards in 
the hole, so that the top comes 3 in. below the concrete sides. Place the lifting 
rings in position by boring two holes in this false bottom, large enough to take thc 
nut, allowing the washer to lie on top. If these just about fit, the stay bolt and 
ring needs no other support. Put cardboard, heavv building or tar paper against 
the edges of concrete already exposed, and fill the hole with concrete even with the 
roof already in place. 

After 1} in. of concrete have been placed, lay in a square of chicken wire, large 
€nough to come within 1 in. of the edge. To do this cut two holes through it to 
allow the lifting rings to pass through. Then complete the concreting, bringing same 
to an elevation even with the top of the concrete already finished. Two lifting rings 
are provided, as the cover will weigh about 150 lb. The rings should be large enough 
to allow both hands to grasp one ring. After the concrete has set one week, the 
cover can be removed by means of the rings. Incase it sticks, it can easily be prised 
up by a lever through the ring, using a block on the finished concrete top аз a heel. 

Space does not permit us to describe in detail the erecting of the great variety 
Of various shaped tanks which have been used. One can readily see that a tank of 
any size and of any dimensions can be built in exactly the same way as those described, 
by simply varying the size of the forms. 
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THE NEW 
CENTRAL Y.M.C.A. 


BUILDING, LONDON. 


One of the most important examples of reinforced concrete work is in the Y. M.C. A. 
building now in course of construction, and detailed particulars of the work, together 
with numerous drawings showing the principal features of interest, are contained їп 
the article below, which was prepared for us by Mr. Albert Lakeman, Hon. Medallist 
Construction.—Ed. 


THE adoption of reinforced concrete as the chief constructional factor in large buildings 
is becoming so universal that the mere fact of its use in any particular building almost 
ceases to awaken interest to any great extent ; but special features, such as occur in 
the new Y.M.C.A. building, are alwavs worthy of study on the part of those interested 
in the design and execution of this important material. The whole of the weight- 
carrying members are executed in reinforced concrete, which carries out those functions 
latterly assigned to the beams and stancheons in a steel-framed structure, while the 
external walls, faced with brick and stone, are treated from the architectural point 
of view without materially assisting in carrying the weights of the floors and roofs. 

The planning and design of the building, the architect for which is Mr. Rowland 
Plumbe, F.R.I.B.A., was materially helped by the fact that the site is an island 
one, which rendered it possible to obtain access on all four sides. The area of the 
site is about 33,000 sq. ft., and it has a frontage of 218 ft. to Great Russell Street, 
106 ft. 9 in. to Tottenham Court Road, 225 ft. to Bedford Avenue, and 148 ft. 10 in. 
to Caroline Street. There are six floors above the street level and deep basement floor, 
while a tower rises at the corner of Tottenham Court Road and Great Russell Street 
to a height of 156 ft. above the basement floor level. The principal entrance is 
Situated in Great Russell Street, and this gives access to the main entrance hall, 
which is a circular chamber 43 ft. in diameter, containing the grand circular staircase, 
some details of which are given in this article. From the entrance hall access is 
afforded to the Club Restaurant, while the public restaurant is situated beyond this 
apartment with its own separate entrance in Bedford Avenue. The Tottenham 
Court Road frontage on the ground floor is taken up by five shops, which extend 
into the building for a depth of 70 ft. The clevation to Caroline Street provides 
the entrance to the large and small halls, which are situated on this side of the ground 
floor, the former being a fine apartment, 70 ft. by 48 ft., with a gallery on three sides, 
and having accommodation for 850 people, while the latter is 52 ft. bv 36 ft., with 
accommodation for зоо people. The basement accommodation provides a fine 
gvmnasium and swimming bath, and some interesting construction occurs in con- 
nection with these. 

The swimming bath, shown in Figs. 3 & 9, is constructed entirely in reinforced con- 
crete, the size being 66 ft. by 21 ft., with a maximum depth of 7 ft. and a minimum depth 
of 4 ft. 6in. The walls employed were verv thin, being only 4 in. at the top, with an 
increase to 5 in. at the bottom, where a splay is formed on the outside to increase 
the bearing and form a footing. А splav 15 also formed at the top of the walls to allow 
the reinforcement to be continued up into the floor around the bath, and provide 
for a 6-in. offset on the inside face of the wall for fixing the scum trough. The height 
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of the walls was kept uniform at 7 ft., and the difference in level required in the bath 
gained by sloping the slab forming the bottom between the longitudinal walls. 
The walls were stiffened bv the introduction of vertical counterforts 4 in. wide and 
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6 in. Projection at 6 ft. 6 in. centres, and buttresses were also constructed at the 

corners on the diagonal lines. The plan of the bath and details of the method of 

construction are given in Fig. 3, where it will be seen that the floor, 5 in. thick, is 

reinforced with light bars in the upper and lower surfaces, some of which are continued 

up into the walls, and the counterforts arc reinforced with vertical bars connected by 
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The walls have vertical and horizontal bars in both surfaces, with stirrups 


stirrups. 
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The walls of the bath are verv much assisted 


connecting the vertical bars at intervals. 
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by the floor around the bath, which is connected to them and carried back to the 
walls of the apartment, thus forming one homogeneous structure, having great stiffness 


and strength. n - 
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Front elevations and sections. 
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Fig. 5. 


The work in the gymnasium is particularly interesting on account of the large 
arched beams which are introduced to carry the floor of the large hall above, and 
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CONCRETE? 


which are visible in the ceiling of the gymnasium, as shown in the photograph in 
Fig. 10, taken after completion. This ceiling is divided up into panels 8 ft. square 
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New CENTRAL 


THE 


and 5 in. in thick- 
ness, with a lattice 
reinforcement of 
small rods, bv five 
longitudinal beams 
and the large arched 
beams previously 
mentioned. тве 
longitudinal beams 
extend the full 
length of the gym- 
nasium from front to 
back, and these are 
supported bv {һе 
arched ribs, which 
have an effective 
span of 5o ft. These 
ribs are 6 ft. deep at 
the springings and 
2 ft. 2 in. deep at the 
crown, with a thick- 
ness of 12 in. 
throughout, the 
spandrils being 
pierced by two open- 
ings to reduce the 
weight as much as 
possible. In design- 
ing these ribs they 
were considered as 
T-beams fixed at the 
ends, as the floor 
slab above was con- 
tinuous and rein- 
forced in both direc- 
tions, and in addi- 
tion меге stiffened 
by the longitudinal 
beams at intervals of 
8 ft., and the con- 
dition of fixity was 
obtained by carrying 
the tension and com- 
pression bars in the 
rb well into the 
supporting columns, 
thus forming a 
monolithic structure. 


The reinforcement consisted of nine bars in the compression area, introduced in the thick- 
ness of the floor slabinsets of three, and nine barsin the tension areawhich follow the curve 
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of the soffit. Vertical and diagonal bars were also introduced to connect the upper 
and lower parts, and additional reinforcement was provided, as necessarv, around the 
openings formed in the spandrils. The main reinforcement is further supplemented 
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Fig. 7. Details of beam partition. 
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Fig. 8. Details of beam over Gymnasium. 
THE NEW CENTRAL Y.M.C.A. BUILDING. 


by U-shaped stirrups, which are bent round the longitudinal bars and carried well into 
the beam, and these stirrups are arranged in the manner most advantageous to resist 
the shearing stress and diagona! tension at the various points. 
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The beam partition illustrated in Fig. 8 shows one cf the arched ribs just described 


Fizs. 9and 10. Swimminz Bath and Gymnasium 
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in conjunction with the work above, this particular case occurring at the end of the 
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main hall next the crush room. This instance is very interesting, on account of the 
wav in which the partition has been utilised as a constructional feature, while allowing. 
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Figs. 11 and 12. Constructing beam partition and Grand Staircase. 


THE New CENTRAL Y.M.C.A. BUILDING. 


openings to be formed in same without detrimental effect on the strength. This. 
trussed partition is extended through the ground floor to the first floor level, a height 
of 15 ft. 6 in, making a total height of 21 ft. 6 in. at the springing of the rib below ,. 
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thus forming an immense truss, capable of supporting a big load with comparatively 
light component parts. The lower flange is, of course, formed by the arched rib 
previously described, and the upper flange consists of a rectangular beam formed at 
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Figs. 13 and 14. General view and centering for beam partition. 
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the first floor level, reinforced with six rods in the upper surface and two rods in the 

under surface. The filling or web between the two flanges is formed by slabs 6 in. 

and 8 in. thick, reinforced by a lattice reinforcement consisting of rods in each surface, 
280 


— Ca. 


| о 


NEW CENTRAL Y.M.C.A. BUILDING 


and further stiffened by vertical stiffeners at intervals, as will be seen on studying 
the illustration of this beam. The photograph in Fig. 11 shows this work during execu- 
tion. Two series of diagonal bars are also provided on each side of the openings 
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Fig. 15. Circular Staircase in course of construction. 
THe New CENTRAL Y.M.C.A. BUILDING. 
formed in the centre of the partition. The columns supporting this work are 20 in. 
by 18 in., and reinforced with nine vertical bars tied together with steel links spaced 
at 4-in. centres. 
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The illustrations in F?e. 6 show the work to the galleries in the main hall, and this 
is another instance of the adaptability of reinforced concrete where its monolithic 
character is of especial advantage. The side wings are carried by cantilevers, which 
depend entirely upon the anchorage into the reinforced columns to which they are 
connected, as they have no fulcrum beam to support them. The increased depth 
required near the support was obtained bv utilising the space afforded under the 
raised tiers provided for seating purposes. The end portion of the gallery is sup- 
ported on the trussed beam partition previously described, and the beam shown at 
G on the plan, the latter having an effective span of 50 ft., while bevond this beam 
the gallery is cantilevered for a maximum distance of 10 ft. The fulcrum beam, С, 
is 18 in. wide, and reinforced with six large rods in both upper and lower surfaces. 
This end portion of the gallerv is connected up with the side wings, and the whole 
construction is monolithic and self-supporting, giving a clcar space in the hall below. 
Some tests were conducted in this portion of the work, and the result is interesting as 
showing the elasticity of the material and the reliability of the work. The beam 
selected for the test was one of the beams in the side wing marked M, this having a 
cantilever of то ft. The area loaded was то ft. by то ft. то in., and the total load 
on this area was 165 cwt. Опе deflectometer was fixed at the outer edge of the 
cantilever, while another instrument was placed 1 ft. from the wall. The loading 
commenced at 10 a.m., and the whole load was removed at 4 o'clock. The greatest 
deflection occurred at the outer end of the cantilever, where it equalled zq of an inch, 
or only зу, of the span. Upon the removal of the load the cantilever regained its 
original position, and no permanent set occurred. 

The grand circular staircase, which isshown during constructionin Figs. 12 and 15,15 
entirely in reinforced concrete, being carried by transverse beams resting on rein- 
forced concrete columns, and assisted in some cases by the surrounding walls. The 
soffit of the stairs is formed by a continuous slab 6 in. thick, reinforced by rods at 
4-in. centres, and upon this the treads and risers are formed. 

There are several instances of trussed beam partitions, some of which are illus- 
tratcd bv the drawings in F?gs. 5 and 7. They form an excellent method of obtaining 
light and efficient construction over large spans, and the drawings are sufficiently 
explanatorv without a detailed description of them. The whole of the roof construc- 
tion throughout has been executed in reinforced concrete, including the dormers, 
these being probably unique. The tower, previously mentioned, has an internal 
diameter at the top of 13 ft. 6 in., and this is formed with 5 in. of concrete reinforced 
in both inner and outer surfaces, and on this the stone facing is carried. 

This building affords a splendid example of the scientific design and application 
of a material capable of being emploved to overcome extremely difficult problems in 
construction, thus rendering it possible to carry out ideals which, with anv other 
material, would have been well-nigh impracticable. 

The whole of the reinforced concrete work was designed by Messrs. L. G Mouchel 
& Partners, in accordance with the Hennebique svstem, and this portion of the work 
was executed by Messrs. Holloway Bros., Ltd., the general contractors being Messrs. 
John Greenwood, Ltd. 
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THE NEUTRAL AXIS OF 
MEMBERS OF CIRCULAR 


SECTION. 


By JOHN CASE, B.A. 
The following article showing a method of finding the neutral axis of reinforced concrete 

beams of circular section may be of interest to those of our readers engaged in the design 

and calculation of reinforced concrete work. —ED 
Іх order to find the neutral axis of a reinforced concrete beam, we equate the 
total compression stress to the total tension stress, and assume that either stress 
is proportional to the distance from the neutral axis. Part of the problem 
resolves itself into finding the moment of the compression area about the unknown 
neutral axis. When the sections are rectilinear the problem is fairly easy, and 
the analysis simple algebra ; but in circular sections the compression area becomes 
the segment of a circle cut off by an unknown line, about which line (the neutral 
axis) we have to find its moment. This is more difficult, and as the subject does 
not seem to have been treated in the text-books, it is hoped that these notes 
will not be without interest. 

The results will be particularly applicable to beams and columns of circular 
sections and pipes which are only supported at intervals. 

The following analysis is carried out on the usual assumption that the rein- 
forcing bars take the whole of the tensile stress, while the compressive stress is 
borne jointly by the steel and concrete. 

Suppose that the reinforcement consists of 25 rods, of cross-section a, set 
in a regular polygon. Jet the radius at which the rods are placed be 7, which 
will also be taken as the radius of the section.* 

CasE I.--When the plane of bending passes through two of the rods (Fig. т) 

Oy is the plane of bending. y 

NS is the neutral axis. 

Ox is parallel to NS and at 
right angles to Oy. 

LM =distance of neutral axis 
from centre of section — mr, say. 

Suppose there are 29 4- 1 rods 
in compression, then the state of 
affairs will be as shown in Fig. т, 
Where the part of the concrete in 
compression is shown shaded. 


AL-r (cos Zm). 
Compression stress on rod A 


сә бе} я), 


Fig.l 


* This greatly simpliïes the work without seriously impairing its accuracy. 
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Where #=ratio of moduli ot elasticity of steel and concrete, and will ‘be 
taken as I5. 
B is a constant. 
E, = modulus of elasticity of concrete in compression, supposed constant. 
т 


ptm) 
and the compressive stress at any point in the concrete, distant » from the neutral 
axis — E. у dx dy. 

Hence, equating the total compressive stress to the total tensile stress, 
we have 


эз 


Tensile stress on rod B = » E. Br (cos 


S-q 
Е. В WEITE +28 Ec nar (cos н) n ar (1— т) 
S=1 
S-p-q-1 
= 23 Ес > ar (cos E nar(r4m) 
S=1 


where the integration is taken all over the compressive area of the concrete 
This equation reduces to 


S=p-q-l 
5 т 
JJ паат + 2 marcos = 2pnarm А Р . А (1) 
S=qtl 
d ; —2@0@—1 
$=5-(а+1) | puc Р > = те 
Now > cos کد‎ = - -——!—_—cos '- = О 
4 sin М 8 
S=g+1 ф T 


The integral | 
- put —x'—mr yt y Im 

o О у dx dq, 
since y = 4 r—x'—mr 
and CQ = f. 1—m’. 
The value of the integral is 


2 (ym + 2) y 1— т + m?) cos m. 


Hence, from (1) we have 


j 2X. E \ 
a (m + 2) vI — m +3 cos'm,= блар 


If r, =radius of reinforcing bars Ar sav, this becomes, taking »—15, 


2 


From this equation we can find m, which determines the position of the 
neutral axis. When this is found, we can calculate the moment of inertia by 
drawing in the ordinary way, а being determined by m. To calculate the moment 
of inertia, otherwise than by drawing, is very laborious, but for the sake of com- 
pleteness its value is given below : 


i » , I е ni ” a э 
] = rt. (+ ) соз yp (1342 mt) VI — m? 
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—— Curves Showing Position — 
osa] of. Neutral Axis, I. 
TERES MERE И 


Re 


Diam. 


Diam. of Rods 


oncrete. 


The numbers on the curves 
correspond to the number 
of reinforcing bars. 
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THE NEUTRAL AXIS 


FIG. 4. 
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OF MEMBERS OF CIRCULAR SECTION. 


Curves have been drawn in Fig. 3, showing the position of the neutral axis 
for different values of k and p, enabling the neutral axis for almost any arrange- 
ment of reinforcement to be determined at once. If we take the extreme height 
of the diagram—that 15, from m =0 to m=1, to represent the radius of the section, 
the intersection of the ordinate corresponding to the given value of k, and one 
of the curves gives the required position of the neutral axis. 

Examfple.—To find the position of the neutral axis of reinforced concrete 
column, 24 in. diameter, reinforced with eight 2-in. bars. 


2 ° 
dz m 083. 


Follow up the line & —:085 until it intersects curve 8, where we find m ='57. 

Distance of neutral axis from centre 2:57 x 12 268". 

CaSE II.-—When the plane of bending passes symmetrically between two 
rods (Fig. 5), 2q rods in compression, 
and 2/—2q in tension. 3 

Proceeding in exactlv the same $ 7717-3 n 
way as before, we obtain an equation Hy) NG 
for finding m: 

; Ж УЛУ 
J 

/ 


2 AO ROPA ANNE — 
"T + 2) “І-м +3 cos m = 


. 297 = 

sin ^ 4 - 

283k | Р +p e. (3) 

. т 

sin - 
b "o 


In this equation q is not arbitrary, 
but is settled by m. As before, curves 
have been drawn (Fig. 4) showing the 
relation between m and ẹ, and also the Fig. 5 
number of rods in compression. 


HOLLOW CIRCULAR SECTIONS WITH REINFORCEMENTS. 


ғ = mean radius of section 
and radius at which the rods y 
are set. 

t=thickness of concrete, 


t . 
So that r + 2 are the internal 


and external radi of the 
concrete. 

The area of concrete in 
compression = 276/, if ¢ be 
small compared with r. 

The distance of the c.g. of 
the area from o=- 
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The moment of compression area about NS 
2 0 1 e 1 
= 270, — m) = 271044 1 — т — m cos-'! т]. 


I. When the plane bending passes through two rods. 

Proceeding as before, we obtain 

271(1 1—m’?—mcos'm)=2pnarm 
Or 

rt(yI—m —mcos''m)= namfp 

,iI-m—mcos'm=4z72mrpkt . ; : . (4) 
which equation enables us to obtain the position of ilie мена] axis for any 
given arrangement. 


II. When the plane of bending passes symmetrically between two rods, 
we find 


.2q 
of Sin 
St Se NEM rk? p 
y I — m — mCcos m = 472 7 MET + mp : : (3) 


which, again, determines 
the position of the neu- 
tral axis. To simplify 
calculations in. these two 
cases the left-hand side 
of (4) and (3) has been 
plotted in Fig. 7. 
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Атрута. REINFORCED CONCRETE GRAND STAND. 


REINFORCED 
' | emm || CONCRETE 
pU ae ge GRAND 

| | PE STAND 
AT ST. PAUL, 
MINNESOTA. 


The following account of the construction of a large reinforced concrete Grand Stand in 
America should claim attention. Our particulars are taken from *' Engineering Record, '' 
бж рһо?од Mens ae: drawings having been kindly lent us by Messrs. Reed & Stem of St. Paul, 

innesota.— А 


Tue Grand Stand at the Minnesota State Fair race-track, St. Paul, is a reinforced 
concrete structure 8oo ft. long, 240 ft. wide, and 105 ft. high, with 60 tiers of seats 
and two rows of boxes, having a seating capacity of about 30,000. The upper floor 
is an inclined platform of the full width and length of the building, made up of narrow 
longitudinal horizontal sections, each of them wide enough for a single row of chairs. 


Stand in Course of Construction. 


REINFORCED CONCRETE GRAND STAND, ST. PAUL, MINN, 


REINFORCED CONCRETE GRAND STAND CONCRETE? 


This is covered by fixed and movable roof panels supported on steel trusses and steel 
columns, and under it there are from one to four storeys of exhibition rooms, offices, 
etc., with corridors, galleries, and wide stairways. The finished structure will consist 
of 15 duplicate panels, and will cost nearly $500,000 (£100,000). 


- 


View Showing Work in Progress. 


REINFORCED CONCRETE GRAND STAND, Sr. PAUL, MINN. 


Foundation pits were dug to a maximum depth of about 8 ft. in the dry, hard 
sand, shected as necessary, and reinforced concrete piers of maximum widths of 


about 1o ft. were built in them for the footings of 156 columns. Centering was 
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immediately erected for the whole of the first storey, and as the concreting progressed 
from one end of the building to the other the second-storey falsework and centering 
were built on it, advancing in the same direction and simultaneously with that of the 
first storey. 

It was found to be advantageous to complete concreting cach floor before com- 
mencing to concrete the next upper floor, but the work was pushed continuously by 
dav and night shifts, and most of the centering and falsework was left in position 


East and West Elevations. 
REINFORCED CONCRETE GRAND STAND, Sr. PAUL, MINN. 
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Half Elevation to Street 
REINFORCED CONCRETE GRAND STAND, Sr. РАСТ, MINN. 


until all of it was finished, thus avoiding any delay or confusion from shifting or 
repairing forms. 

Foundation work and excavating were prosecuted simultaneously and as rapidly 
as possible, and as soon as the foundation piers at one end of the building were old 
enough, column forms were set on them and falsework and centering for the first 
Storey of the grand stand were erected. The columns, which have spiral and vertical 
reinforcement, are all of them cylindrical except in the walls. They were cast in 
knock-down steel forms, made in telescope sections about 5 ft. long, of No. 20 unriveted 
Sheets, overlapping about 4 in. on horizontal seams and 3 in. on vertical seams, and 
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REINFORCED CONCRETE GRAND STAND 


(CONCRETE) 


clamped in position by hinged collars of 4 in. by тусіп. steel with a hasp-like con- 


nection locked by a tapered kev. 
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Seating plan. 
REINFORCED CONCRETE GRAND STAND, St. PAUL, MINK. 


Wooden fillers, about 3 in. thick, were inserted 


between the collars 
and the steel sheets. 
for the purpose: of 
stiffening the joints, 
which, when made in 
this manner, 
very satisfactorv. 
The knee-brace sec- 
tions between thc 
columns and girders 
were made by ex- 
tensions from the 
wooden forms of the 
latter. The rectangu- 
lar wall columns were 
cast in regular wood- 
en forms with vertical 
panels secured by 
horizontal vokes and 
tie-rods. 


wer? 


Beam and girder 
forms of the usual 
trough type were 
crected, and served, 
together with inter- 
mediate shores, to 
support narrow hori- 
zontal boards placed 
between the centres 
of thc hollow tile 
floor blocks to close 
the spaces between 
them and carry them 
and the concrete fill- 
ing and reinforce- 
ment rods for the 
floor slabs. Pieces 
of tile and scrap ends 
o f reinforcement 
rods were placed 
transversely in the 
girder forms to main- 
tain the reinforce- 
ment rods above 
the soffits of the 
floor slabs, and great 
care was taken to 
wire the rods whcre 


necessary and maintain them in accurate position until concreted. 
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Views showing Stand in Course of Construction and Underside of Roof. 


REINFORCED CONCRETE GRAND STAND, St, PauL, MINN. 


REINFORCED CONCRETE GRAND STAND 


2-3 
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REINFORCED CoNcvETE GRAND STAND, Sr. 


PAUL, MINN, 


AT ST. PAUL, MINNESOTA. 


The dowels in the foundation piers and the tops of the reinforcement bars in 
the successive storevs of the columns projected above floor level and rods in the next 
storey were connected to them by sleeves about 2 ft. long. The upper ends of the 
rods were generallv held in position by wooden templates at their extremities about 
2 ft. above the surface of the floor, thus providing clearance for delivering concrete 
under them to the column moulds while the templates were in position. Sometimes 
the reinforcement bars were also stayed intermediately, but this was not generally 
necessary, especially in the hooped columns where the spiral reinforcement prevented 
them from moving too far out, and the action of the concrete tended to separate 
them as widely as possible, which was considered withinlimits to be desirable. When 
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Columns under Grand Stand. 
REINFORCED CONCRETE GRAND STAND, Sr. PAuL, MINN. 
the top templates were omitted the rods were liable to become considerably displaced 
and cause difficulty in centering those of the column above. The reinforcement steel 
was generally reccived cut to length and was sorted and stored on the ground. 

As fast as the beam and girder forms were set for successive bays a 24-in. gauge 
Koppel service track was installed on it, parallel to the axis of the building and close 
to the elevator tower and switches. Parallel tracks and spurs were connected with it 
as necessary. The concrete was hoisted in buckets, automatically dumped through 
chutes into the side-dump cars of the service track, and these cars delivered to the 
column and girder mould or to the slabs through tapered chutes like those used for 
the foundation piers, and thus generally placed the concrete where required without 
shovelling and eliminated handling other than spreading and a little tamping. Work 
was carried on by one 10-hour day shift and by a night shift working from 7 p.m. to 
7 a.m., by the light of arc lamps. Forms were built in the day shift only, but the 
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other work was carried on at night, and as much as 350 yd. of concrete were thus placed 
in 24 hours by about 20 men each in the day and night shifts. 

The terrace steps in the upper platform were cast on full-size sheets of corrugated 
iron bent at right angles to make the tread and riser with a single continuous piece, 
and supported at frequent intervals on horizontal transverse pieces forming parts of 
triangular offsets nailed to the upper sides of falsework beams inclined parallel to the 
slope of the platform. 

Considerable difficulty was at first experienced by the weight of the wet concrete 
producing a heavy downward lateral thrust which deflected the riser forms and made 
the lines of the finished concrete irregular and curved. This was corrected by the use 
of a tier of very heavy upper inclined beams, to which the riser forms were secured 
like those of the supporting forms below. The lower ends of the upper inclined 
beams engaged a heavy horizontal girder tied back at frequent intervals by horizontal 
tension rods transferring the thrust across the building to very heavy columns or other 
members competent to provide suita ble reaction. 

In the aisles the high risers were provided with auxiliary steps about 3 ft. wide 
and 8 ft. long. These were at first cast in forms to be monolithic with the rest of the 
floor slabs, but it was later found to be much more satisfactory to cast thom separately 
in the yard as solid slabs, which were afterwards set in place and grouted. All the 
floor slabs were finished and cast at onc operation with rich concrete carefully floated 
to make a smooth, regular surface, and leave a perfectly homogeneous mass, thus 
avoiding the subsequent application of a veneer surface. Perfectly solid, sound 
surfaces were thus secured, and were considered satisfactory, although the extra 
amount of floating brought a little more water than usual to the surface, and some- 
times caused very shallow pitting, which, however, was not considered serious. 

All soffits were plastered with cement mortar applied directly to the rough tile 
surfaces, and a pleasing, uniform texture and colour was secured for all columns and 
other exposed concrete surfaces by stippling. This was accomplished by dipping a 
bunch of stiff twigs in grout of the consistency of cream, and striking it sharply with 
a rod, causing the thick liquid to spatter over the adjacent surface, practically cover- 
ing it with small scparate drops. When the stippling was performed on a dry concrete 
surface it was not found to be durable, but if the surface was first thoroughly wet with 
clean water the grout adhered permanently. ' 

The work involved about 109,000 sq. ft. of tile, 580 tons of reinforcement and 
8,000 cu. yd. of concrete, containing 9,000 barrels of Portland cement and 8,000 yd. 
of broken stone and gravel. 

The architects were Messrs. Reed & Stem of St. Paul, Minn. Мг. G. J. Grant was 
the general contractor. Structural steel was furnished bv the Phillip W. Herzog Co., 
St. Paul; rcinforcement steel by the Trussed Concrete Steel Company. 


CONCRETE MIXERS. 


CONCRETE MIXERS. 


In some former issues we published articles on the different appliances for concrete making, 
and we now intend giving a further series of articles on additional concrete mixers. — ED. 


THE '"PANSY" CONCRETE MIXER. 
THE design and construction of the “ Pansy " Concrete Mixer, of which we give 
an illustration below, are simple, and it is easily worked, one of its special advan- 
tages being that the whole of the mixing operation.takes place in sight. 

Another advantage is that the batches of aggregate can be automatically 
measured by means of an adjustable scraper, which also measures and spreads 
the proper amount of cement over the face of the drv aggregate. 

A revolving frame, which has exterior and interior sides, between which the 
material is mixed, runs on a ball-bearing cast steel base, and is driven by a pinion 
connected with a geared rim on the outer part of the under side. Through the 
centre of the machine is a perpendicular shaft, to which are hung angle iron 
frames ; to these again ploughs are fixed. These ploughs are adjustable, and can 
be raised or lowered at will, and extend from the inner to the outer circle, by 
which means every part of the material is dealt with, and turned over. 


The ** Pansy " Concrete Mixer. 


These revolving ploughs are set at such tangents as to allow of thorouch 
mixing in the dry state until the mixture is of even colour, 

The pan revolves at the rate of 10 to 12 revolutions per minute, and as the 
ploughs are stationary, a thorough mixture is assured after a very short time. 


Although this pan revolves, the mixture can be discharged at one spot and just 
where wanted. 
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The mixer also cleans itself automatically, which is a feature worthy of 
notice, as a great saving of labour is thereby effected and the cleansing is much 
more effective than if done by hand. 
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“ Pansy’ MIXER АТ WORK FOR THE REINFORCED CcNCRETE CULVERT AT KILTON. 


A general view of the machine is shown on page 297. Above will be 
found an illustration of one of these mixers at work for the reinforced concrete 
culvert at Kilton, for the North-Eastern Railway Co. 
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Ne са KA SOME PAPERS & DISCUSSIONS, 


“Tae? 


It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure.—ED. 


THE SURVEYORS’ INSTITUTION. 


THE EVOLUTION OF aa CONSTRUC. 


Paper by WILLIAM WOODWARD, F.R.I.B.A., F.S.l. 

At the Ordinary General Meeting of the Survevors’ Institution, held on February 6th, 1911, Mr. 

Leslie К. Vigers, President, in the chair, a paper was read by Mr. Wm. Woodward on ** The Evolution 
of Fire-Reststing Construction," a summary of which we publish below. 
As early as 1835 Mr. George Godwin read a paper on the ' Nature and Properties 
of Concrete," and on the architectural treatment of it. He showed how concrete 
had been used largely as a building material by all the principal civilised nations 
of antiquity ; how Alberti had described walls made of it, nearly in the same way as 
is done now, by moulding it between boards ; how Pliny had described cisterns made 
of it ; and how many of our principal buildings, including St. Paul’s and Westminster 
Abbey, stand upon concrete foundations dating from Roman and Saxon times. 

Evolution was sometimes slow in its working, but the evolution of fire-resisting 
construction in our buildings could not be said to be of prolonged growth. It was the 
knowledge and appreciation of the uses and value of concrete, as much as of the uses 
and value of steel, which gave rise to that impetus in their combined uses which has 
culminated in what we know as ferro, or reinforced concrete construction. 

In 1854 architects were keenly discussing the construction of concrete floors, 
roofs, and walls, and their experiments led, no doubt, toa liking for the material as being 
fire-resisting and as one which could carry very large unsupported areas, and which was 
also cheap. There seems to have been at that time some difference of opinion as to 
the embedding of iron in the concrete, and as to its employment as a finished material 
in architectural decoration ; but there does not appear to have been any difference 
of opinion on the fact that concrete as a constructive material, whether with or 
without iron reinforcement, depends to a very large extent indeed upon the care 
with which it is mixed, and that no supervision can be too great to ensure strict 
compliance with this absolute condition. 

Many years before 1854 Fox & Barrett's fire-resisting floors, and the various 
kinds of similar floors as regards fire, were in vogue, and such firms as Homan & 
Rodgers and Dennett & Ingle were paving great attention to this important subject 
of fire-resisting construction, and French architects and engineers especially were 
devoting their labours to the same end, and although the French methods differed 
from ours in detail, much the same ideas prevailed, except that the French construc- 
tion was always much lighter than ours—they took greater risks, and vet there does 
not appear to be a casc of failure in Paris duc to collapse of a floor by reason ot 
insufficient strength per foot superficial. 

Early Papers on Concre:e.—Fiíty years ago comparatively very little 
was known of concrete for constructional purposes, but architects were 
even at that period beginning to test and to study this form of construction. He 
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had little doubt that they should some day discover that the Egvptians knew all 
about reinforced concrete. and that the tomb of a departed Pharaoh owed its preserva- 
tion to a mixture of iron and concrete. To prove that fifty vears ago architects 
began to seriously consider concrete construction, he found that Mr. T. H. Lewis, 
on December 14th, 1857, read a paper at the Royal Institute of British Architects 
on some experiments upon concrete. Those experiments were directed to the 
suggested sensible loss in bulk of the ballast independently of that of the lime, and 
that the materials, after being mixed together, expand considerablv. Mr. Lewis 
stated that this idea of loss of ballast was so prevalent that a respectable builder 
asked him to allow, in calculating the price of the concrete, one-seventh more ballast 
than the concrete cubed to. The general result of the experiments with lime concrete 
was “ that the whole mass, made into concrete, occupied precisely the same space 
as the dry ballast—viz., 1 cu. yd., all the bulk of the lime and water (being about 
two-fifths of the ballast) being lost, but none of the ballast itself. The surface was 
carefully levelled and thin boards tacked over so as to ascertain if there were any 
expansion in the setting, but none could be perceived. The weight of the mass 
was 27 ewt.” 

Then on June 5th, 1871, two papers were read before the Roval Institute of 
British Architects, with Mr. Edward ГАпѕоп (a Past-President of the Surveyors’ 
Institution) in the chair. Опе paper was on the use of Portland cement concrete as 
a building material, by Mr. Thomas Н. Wonnacott. in which he spoke of the " novelty 
of the material." The author was surprised to find Mr. Wonnacott stating he had 
not found that '' a larger proportion of cement than 1 in 8 increases the strength 
of the concrete. On the contrary, it appeared to diminish it." For ordinary w alling 
Mr. Wonnacott found I in 10 sufficiently strong, and that “їп engineering works in 
Copenhagen 20 to 1 was the proportion used," and, further, that he was informed 
by an experimenter that '' he had graduallv lessened the proportion of cement to 
I in 24, and found it then make fairly strong work." This proportion would rather 
startle the enginecr and architect of to-day, and he was surprised to find Mr. Wonna- 
cott saving that in such a case the “ conditions must have been exceptionally favour- 
able.” and the “ dispersion of the cement among the mass perfect." 

The second paper above referred to was read bv Mr. A. W. Blomfield on “ Concrete 
Building." This paper was confined to the consideration of concrete in walls con- 
structed fn situ, by filling concrete into cases or moulds, made to shift to the various 
heights and positions as the work proceeds. This system had since been very largely 
adopted. 

Mr. Edward PAnson in summing up the papers made one or two useful remarks. 
which were quite as useful to-day. Не was convinced that unless thorough depend- 
ence could be placed upon the honest and conscientious execution of the work by the 
contractor, concrete was a dangerous material to use, inasmuch as a small percentage 
of inferior material in Portland cement would cause the ruin of the entire work. 
Mr. ГАпѕоп mentioned that the Metropolitan Board allowed concrete buildings 

to be used in London, but insisted upon a considerable amount of iron hoop bond, 

and would not allow concrete walls of less thickness than brickwork. So that at 
this date “ reinforced concrete, in the shape of hoop iron bond and concrete, was 
adopted." 


Paper read in 1876 on '* Concrete as a Building Material. "—In April, 1876, Sir 
Gilbert Scott, R.A., in the chair, a paper was read at the Roval Institute of British 
Architects, bv Mr. A. Payne, on " Concrete as a Building Material," which dealt with 
it ornamentally for the fronts of buildings and avoiding ugliness. Mr. Payne observed 
that once iron was bedded and kept from the аіл was entirely protected from rust and 
oxidation. Mr. Payne laid it downas an axiom that concrete offers unusual facilities as 
a material for walls, etc., “ from the readiness with which iron or other ties can be em- 
bedded in it in апу direction to resist апу thrust or tendency to separate in the struct- 
ure." Mr Pavne showed a design for a street facade in iron and concrete, and went so 
far, in his intense admiration for concrete, to advocate the panelling of the interior of 
an apartment and " do away for once with the everlasting wall paper,” and he practic- 
ally described reinforced concrete when he proposed to " use iron embedded in concrete 
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for the purpose of giving tensile strength to prevent fractures caused by thrusts of 
arches, vaults, etc., instead of opposing them by buttresses as is done in brick or 
stone.” 

The above paper was followed by an interesting discussion. Mr. W. H. Lascelles 
referred to warehouses gutted by fire, where lintels consisting of concrete with pieces 
of iron, 3 in. bv 1 in., embedded in the centre, were not affected by the fire, although 
the sills and other parts were. The concrete was mixed in the proportion of 1 of 
cement to 6 of breeze. 

Mr. P. Brannon was a great bcliever in ?ron and concrete, and he made window 
heads by bedding rods of angle iron and dispensing with anv framing or bressummers. 
He had then put in concrete doors in St. Paul's Cathedral, under Mr. Penrose, '' in 
order to render fireproof that portion of the dome to which the public have access.” 
Mr. Drake, at the same meeting, was most earnest in his partialitv for concrete in 
floors, roofs, and staircases, and he asserted that good Portland cement concrete, or 
good silenitic concrete, or good lias lime concrete, correctly treated, “ will never 
either contract or expand in the smallest degree after having once set." Mr. J. Tall 
stated, at the same meeting, that slag from the blast furnaces was an excellent material, 
because it is easilv crushed and furnished in the crushing a sharp grit. He did not 
approve of iron in concrete floors. His first attempt was with an upper floor Ig ft. 
by 13 ft. without anv iron joists ; his second attempt was with a drawing-room floor 
40 ft. by 16 ft., and he contended that that floor was stronger without iron than it 
would be with it. The thickness of the floor was rr in. reduced to 41 in. in the middle, 
and he believed there was not a crack or blemish to be found in the whole. Major 
Seddon, Roval Engincer, also made some important remarks on concrete at that 
meeting. He was not so much afraid of the work being scamped, as of failures arising 
from the ignorance of the contractor or his workmen. He had a slab of concrete 
made 6 in. thick and 14 ft. 6 in. by 13 ft. 6 in. clear of the supports, which were 
14-in. brick walls. and after twenty-one days’ setting, eightv men marched on to it, 
who marked time at the quick and double, and then jumped upon it altogether, without 
having апу effect whatever upon {һе concrete. The whole of the unsupported part 
of the slab was then loaded with bricks, until an evenlv distributed load of 101 tons 
was piled upon it, when it gave wav suddenly. The major stated that no iron what- 
ever had been used in апу of the concrete floors designed by him. 

The London Countv Council General Powers Act, 1909, now enables skeleton- 
framed structures to be erected, at the same time permitting the reduction in the thick- 
ness of external walls in force under the Act of 1894 ; and the anticipatory objections 
to the provisions of that Act have been modified, and it seems to work well and does 
not entail those dela s and interferences which some members of the profession thought 
would be likelv to arise. 

Different Methods of Fire - Resisting Construction.— Before coming to the 
most modern of fire-resisting constructions —- viz., '" Reinforced Concrete” — Mr. 
Woodward proposed to sav a few words on other methods. There was the plain 
and simple rolled iron or steel joists, some 3 ft. apart, filled in between with 
concrete or breeze and Portland cement, this demanded centering, and at times 
trouble was caused bv the exudation of moisture just when it was not wanted. One 
of the early floors, which still holds its own, was “ Dennett & Ingle's." The stecl 
joists were from 4 ft. to то ft. apart, according to the particular form of construction, 
in some cases the concrete was with arched and in others with horizontal soffits; each 
method lent itself to joists on plates bearing on the concrete. to wood block flooring. 
and to soffits either plastered on the concrete direct, or with ceiling joists and lath 
and plaster in the usual wav. The material was concrete composed of highlv calcined 
gypsum and broken brick, or of Portland cement and an aggregate of broken brick 
and gravel. This method demanded temporary centering. Messrs. Dennett & 
Ingle instituted a series of experiments for the encasement of stancheons, columns, 
and to girders which proved to he most successful. 

There were then the various forms of fire-resisting floors consisting of brick cr 
tile arches between iron or steel joists ; different forms of terra-cotta laid on the 
joists and carrying concrete, such as the Frazzi floor— all doing away with the necessity 
for centering. The terra-cotta of these patent floors was made so that it could easily 


and accurately be laid in lengths between the steel joists and the soffits plastered 
afterwards, 
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The evolution of fire-resisting construction in the form of reinforced concrete 
might be termed a revolution ; because not only was it used for floors and walls, 
but for piles and girders. 

That too much care and attention cannot be given to anv form of construction, 
or the employment of any material which would minimise, if not abolish, the risk 
from fire went without saving ; and it was this dread of fire in buildings which neces- 
sarily alarmed those upon whom responsibility fell in case of deaths or injury from 
fire. Recent occurrences in business premises make one tremble at the thought 
of fire. The London County Council had from time to time initiated legislation having 
for its object the relicf of such risks, and they had by a recent Act permitted the 
use of steel-framed structures which would encourage their use and lead to filling in 
with firc-resisting material, and so gradually tend to lessen these too frequently 
recurring accidents. 

Enormous strides had recently been made in the manufacture and use of rein- 
forced concrete for all sorts of purposes besides building construction—viz., bridges, 
staircases, etc., and, personally, he placed considerable reliance upon those engineers 
and architects who had made the subject a study. It was said that “ Prejudice vanishes 
when knowledge comes,” and if he were, at the moment, prejudiced against the use ot 
reinforced concrete it must be put down to ignorance, and to a conservatism which 
should be absent when dealing with inventions. Frenchmen might be said to have 
been the pioneers in this form of fire-resisting construction, bnt an English architect, 
Prof. C. N. Reilly, had just constructed a church, at Shacklewell, throughout practically 
of this material, and both in design and appearance, from the illustration seen, it did 
not present any feature of ugliness. He could sleep comparatively happily in a 
building where the walls and floors were of this material, but a little nervousness 
would creep over him if he knew that the piers or vertical points of support were of 
concrete with embedded steel, and that nervousness would be alarmingly increased 
1f he knew that the girders, with a bearing of, sav, 30 or 40 ft., were relied upon to 
prevent collapse. It would be no comfort to him to be told that provision had been 

made for ten times the load which could ever be put upon {һе floor. They all agreed 
that in the first place great reliance was placed upon the Portland cement used. It 
should not be too fresh, it should be most finclv ground, and it should be laid out on 
a boarded floor and turned over for a few days before it was used. Was this alwavs 
secured ? Then the proportion in which it was mixed with the aggregate was of 
moment. Was this always attended to ? Of course, in all concrete work great саге 
was required, and strict supervision necessary ; but in the modern work the limits 
were being pushed a little too far. The specification and drawings might be perfect, 
but the safetv of the structure depended upon the mixing of the concrete and the 
proper and regular embedding of the steel ог iron work. Now this mixing was left. 
as a rule, to labourers, and although the specified quantity of steel and aggregate 
might be there, if more of the Portiand cement found its wav into one part than 
should be, and less therefore in another part, he would certainly get ncrvous 1f a 
moving load with consequent vibration were brought to bear on the girder. It was 
also not clear as to the effect of the concrete on the stecl or iron reinforcement. 

Then as to expansion and contraction. Some authorities said there was none 
in reinforced concrete, but whether that be so or not, was expansion or contraction 
equal? He meant did the concrete go with the stecl, and the steel with the concrete, 
or did each go its own wav? If they did go their own wav, then risk was at once 
present. Then did the steel or iron oxidise ? They were told they did not, but he did 
not know, and supposed they must wait and sce. Without wishing in any way to 
place his views in opposition to those distinguished architects and engineers who 
were so freely using this reinforced concrete. he wished to make this paper perhaps 
a little useful by concluding with a few words of caution which might be acceptable. 

First they must see that the best English Portland cement was specified, and then 
see that thev got it. Let Belgium and Germany keep their Portland cement for them- 
selves. Then see that the Portland cement was not used too fresh, and that it was 
turned out of the sacks on to a boarded floor for, sav, three davs, and turned over 
two or three times in the interval. 

The aggregate must then be determined. They must avoid burnt ballast, but 
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not well and evenly broken brick mixed with stone ballast, or breeze, quite free from 
particles of coal. Then they must not mind spending a little money on reliable clerks 
of works. A hundred pounds or so in salaries to such men, simply to supervise the 
mixing of the materials and the proper disposition of the reinforcement would probably 
save many thousands of pounds, and manv lives. 

The evolution of fire-resisting material appaiently knew no bounds; it had at 
the moment culminated in reinforced concrete put now to all sorts of uses. He was 
only concerned іп burtldings, and as regards these buildings, he should be sorry anything 
^e said there would lead to any diminution of the use of reinforced concrete. He 
would say one final word to architects (he left engineers to take care of themselves) : 
“Do not tremble at your floors and roofs; be very confident about your walls ; be a 
little over-careful with your piers or other vertical supports ; but, be over, and 
doubly, and trebly anxious about your girders.”’ 


DISCUSSION. 


Sir Heary Taaaer, 1. S.O., F.R.I.B.A., in proposing a vote of thanks to Mr. Woodward, com- 
plimented him upon the exhaustive and able nature of his paper, and went on to say that the 
improvement in fire-resisting construction synchronised with the improvements in Portland cement 
and steel. It was only in recent years that Portland cement had attained to its present excellence, 
so that they could rely upon it now far more than formerly, and although Mr. Woodward had 
suggested that it should be spread out and aerated, vet he thought that practice was now practically 
abandoned. They did not do so in connection with the Post Office, simply using the cement out 
of the bags, but he impressed upon them the necessity of using only the best English cement. Some 
time ago the British Fire Prevention Committee made a great number of experiments with a view 
to testing concrete floors, and the result of those experiments seemed to show that breeze was as 
good as anv, and better than most, of the mixing used. It was better than granite, Thames ballast, 
and a long way better than limestone. He was not enamoured of terra-cotta tubes in connection 
with fireproof construction, and did not think they showed up verv well. He agreed that careful 
supervision was absolutely necessary, especiallv in construction with reinforced concrete, and especiallv 
so with regard to the workmen. Оп the subject of rust, Sir Henry said steel was not affected by 
good cement concrete. 

Mr. Henry Northcroft, in the course of his remarks, said that reinforced concrete was capable 
of carrving extraordinary weights in extraordinary positions, and that, he thought, was the secret 
of its success rather than its fire-resisting qualities. In using coke breeze the greatest care should 
be exercised to see that it did not contain coal or anvthing of that kind. or it would prove very 
dangerous indeed. 

Mr. B. B. l'Anson supported the vote of thanks, and referred to the great interest his late father 
took in this subject as far back as 1854, constructing about that time a fireproof house at Clapham. 
which had stood the test of time verv well, though fortunately it had not been put to the test of fire, 
Another early building in which thev used concrete with hoop-iron bonds was a warehouse in Guil- 
ford Street, and some twenty years ago, when they built the Commercial Sale Room, they built 
the stairs, landings, and some of the floors of concrete, reinforced with suitable wire netting, апа 
this had also been most satisfactory. One of the advantages of reinforced concrete was that they 
could get such tremendous spans without support, and he knew of no place where this could be 
seen to greater advantage than at the Post Office. He was surprised at the comparative thinness 
of the walls and the enormous weights they supported. With regard to architectural effect in 
dealing with such buildings, he admitted that the problem presented difficulties, but stated that in 
the case of a small residence in the country he had overcome this by utilising rough-cast, though 
this would not do for larger buildings in large cities or London. 

Mr. Н. Phillips Fletcher.—He agreed with Mr. Woodward as to the care necessary in mixing, 
remarking that, in his humble opinion, the mixing, if not nine-tenths, was at any rate seven-tenths, 
of all the trouble that resulted to reinforced concrete structures. For some months past he had 
been carrving out experiments for some of the Citv companies with regard to cement, and it was 
extraordinary the differences found between various samples of British Portland cement. In some 
Cases it was as much as 50 per cent., and his brother and himself always insisted upon having 
an analysis of each truck as some safeguard in this respect. With regard to rusting, that was entirely, 
to his mind, a question of how the concrete was put in. Special care should be taken at the 
Junction of columns and beams, and no steel should come within less than 14 in. of the outside of 
the concrete. Experiments had shown that concrete made with broken stones and granite was 
25 per cent. stronger than that made with gravel, and, as showing the possibilities of concrete 
With regard to the span, etc., he mentioned that Mr. West had designed and built a bridge о‹ 
reinforced concrete with a span of 150 ft. 
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Mr. F. Huddlestcne, M.Inst.C. E. —Thev would not find that there was апу rust if steel was 
surrounded by concrete made from good Portland cement. There was some chemical action, in the 
case of reinforced concrete with the cement of proper strength, which prevented rusting. 

Mr. Woodward, in reply, said his onlv desire in reading the paper was to invite a discussion 
which might make the public more acquainted than they were at the present moment with this 
important invention, if he might so regard reinforced concrete. A notable example in London was 
the magnificent building erected from the designs of Sir Henry Tanner for the Post Office. He had 
known Sir Henry for some thirty or forty vears, and no more careful man than he existed in the 
profession of architect, and whatever doubts he (Mr. Woodward) might have expressed in that 
paper he put them down for himself and congratulated all those men who had had the courage to 
employ this material, which had had such a marvellous effect in the construction of buildings, par- 


ticular!y in connection with those !arge unsupported areas which could not be obtained by anv other 
means, 


THE INSTITUTION OF MINING AND METALLURGY. 
SHAFT SINKING AGAINST WATER IN FISSURED 
GROUND BY CEMENT INJECTION. 


Paper by MR. A. L. SHRAGER. 
The following isan extract of papor recent! y real by Mr. Shrager before the Institu- 
tion of Mining and Metallurgy. 
THIS process is now replacing to some extent the Poetsch freezing process for the 
sinking of shafts in water-bearing ground. It was developed in the chalky formation 
of the Pas-de-Calais coalficld, but is equally suited for any fissured water-bearing 
rocks, although not for soft-running ground such as quicksand. 


The Principle.—The principle is as follows: A number of borcholes of suitable 
dimensions are sunk at cqual intervals in the form of a ring surrounding the proposed 
site of a shaft. Cement and water, injected through these boreholes by means of a 
force- -pump, find their way into all the cavities and crevices of the ground surrounding 
cach hole, in which the cement sets. As the cement from one hole penetrates the 
rocks surrounding it, that coming from the adjoining hole is encountered and a 
cemented, watertight wall is formed round the proposed site of the shaft, and it is 
in this wav that one is able to get rid of the water troubles that occur in th? process 
of sinking. 

The equipment for this process is small and inexpensive as compared with that 
required for making an ice wall by the Poctsch process, besides which, when once 
the cement has set, the work of the plant is finished, whilst with the Poetsch method 
the machinery has to be kept at work until the shaft has been sunk and lined, a con- 
siderable extra expense being thus incurred. 

As a result of these savings the cost of sinking by the cement injection is only 
about one-third that of the Poetsch process. 

Advantages.—\ts practical advantage is that water is almost completely shut out. 
and the erection of a masonrv lining, if necessary, is made more secure ; indeed, the 
solid wall of concrete makes the lining almost superfluous. 

The danger to shaft sinkers is greatly lessened by the employment of this method, 
as they have not to cope with continual water troubles when sinking, and, in the 
cvent of repairs to shaft lining being necessary later, the existence of the permanent 
cement wall practically shuts out all water from the shaft, whereas with the Poztsch 
freczing proccss the water is onlv held back bv the tubbing. 

The particular shaft to which reference is now made was sunk at a coalfield in 
ihe Concession of Lens, in the Pas-de-Calais basin, where the process has proved so 
sucecssful that all the most modern shafts have been sunk by this method. 


Geology. — Тһе scction of the ground was as follows, in descending order : 


ft. in. 
Earth Im ede ae nes Е T "T. Б 10 3 
Chalk ux 08 T ea EM € ios ee 05 0 
Chalk and flint ... К nd ae ae o is IIS I 
Sandstone ics Ss ed TE oe sha Sox 131 O 
Grev marl Tm A aa id ins oe — 213 0 
Blue marl D ne "C jn e. Ev! de 202 0 
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Fes 


Deeper than this the strata were strong and practically impervious to water ; 
thus the process only required to be taken down to 213 ft. 

A preliminarv pit was first dug to facilitate operations and to afford a fairly 
solid stratum for inserting injection pipes. 

This pit was lined with masonrv 2 ft. 3 in. thick to an inside diameter of 24 ft. 4 in., 
and six boreholes, evenly spaced around a circle having a radius of 14 ft. 3 in., were 
then bored and injected with cement in successive stages. 

Each hole was bored with a Churn drill when encountering hard mcasures, but 
for soft, argillaceous strata rotarv auger drills were used. The lining case at the 
head of each borehole was packed round with concrete in order to prevent leakage 
around the upper ends of the hole and to ensure the application of the full pressure 
of the pumps. 

The lining case was made of stcel 2 in. in thickness, with an inside diameter of 
11:6 іп. Its upper end had a cast-iron head or plug to which the necessary pipe 
connections were made. 

Ап iron pipe fitted with a pressure gauge and stop cock entered the side of the 
casing just below the iron plug or head. During the washing of the hole which followed 
each drilling operation this pipe carried off the muddy water, but as soon as the 
water came clear the pipe was connected to the cement mixer, in order that any 
cxcess of cement injected might be returned to the mixer and utilised. 

Boripg.—FVor boring through the limestone, a heavy free-falling svstem of drilling 
was used, which permitted of morc rapid boring and a quicker injection of cement 
than were obtainable by means of the lighter drills which were originallv tried, but 
without good results. 

Each application of these augers decpened the hole about 3 ft. 3 in., and thc 
walls of the hole were then scraped bv means of reamers, which removed anv clav 
covering or other material that had been forced into the cavities and fissures, and 
which would otherwise prevent the cement from penctrating into the cracks and 
fissures. 

The drill stem, which was formed of hollow stcel tubes of 2} in. internal diameter, 
was used for injecting the cement. 

By this method between 10 and 13 ft. were bored and cemented per day of 
13 hours. 


Mixing of Cement and Wafer.—In order to ensure a perfect mixing of the cement 
and water, as well as to save in labour, mechanical mixers are now installed. 

These each consist of a tub in which a shaft with paddles makes about 1 rev. per sec. 
The cement and water are thrown in at the top and the mixture run off to the pumps 
through suction pipes placed near the bottom of the tub, but above the suction 
valves of the pump. 

From the bottom of the casing pipe, embedded in concrete, the strata were either 
injected with cement in successive stages of 16 ft. 5 in., at pressures varving according 
to the ground, or in some cases a borehole was driven to its full depth so as to cement 
round the entire length of the hole in onc process. 

If the injection was being done bv stages, after the required depth had been 
tored and the hole thoroughly washed in each case before injection, a cup-shaped 
plug was lowered to the bottom of the hole for the purpose of preventing any cement 
from sinking downwards that would naturally solidify and hinder the boring of the 
next stage. This plug was raised after cach injection, and not lowcred until the 
next injection was required. 

The injection pipe should be of comparatively small section, so as to compel a 
rapid circulation of the liquid cement in the pipe and round the bottom of the hole, 
whereby any tendency of the mortar to separate is overcome. 

If at the surface the end of the pipe is connected to the pump bv means ot a 
strong rubber hose, permitting a certain amount of vibratory and sliding motion of 
the pipe, this also to some extent prevents accumulation of the cement in the pipe, 
that would tend to choke it. 

After the injection pipe has been lowered almost to the bottom of the hole thc 
head-gear or " plug " is bolted to it. Clear water is then put through the pump, 
the cock on the return pipe at the top of the casing under the plug being left open. 
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The Injection.—After a thorough washing of the hole, and when the return water 
is clear, the cock is shut and the pump drawn at full capacity. in order to drive any 
remaining débris as far back as possible into the fissures and cavities which are to be 
cemented. 

This lasts about a half-hour, and then, without changing any conditions, cement 
is injected gradually to form about 5 per cent. of the weight of mixture. 

After about one hour the quantity of cement is raised. to 10 per cent. if no increase 
of pressure has been noticed in the hole. As the cement deposits in the fissures of 
the rock the pressure recorded by the gauge increases. 

Finallv, as the fissures become more thoroughlv pluggcd with cement, in order 
to avoid too great a pressure and the stopping of the pump, the cock on the return 
is graduallv opened and апу excess of cement carried back to the mixer. 

The operation is finished when it becomes necessarv to keep the return pipe 
entirely open to maintain the working of the pumps. 

The pump and pipes are then cleaned bv running through them a current of 
water, after which the pipe in the hole is withdrawn and the hole left from 8 to 10 hours 
to allow the cement to set and solidify. 

No cement is left in the hole after the washing. as all the cement that has been 
consumed has found its wav into the surrounding ground. 

When it is noticed that the pressure in the pipe has suddenly dropped, this being 
due to the distodgment of a plug in a partially solidified cemented fissure or to the 
opening of a channel connecting with the surface, mortar containing 30 to 33 per 
cent. of cement is injected under low pressure. Another way of mecting this trouble 
is to line the hole down to some solid stratum with a casing pipe smaller than the 
upper one. 

All six boreholes were injected in the same manner, and, after they had been 
taken to a depth of from 10 to 15 m. (32 to 4g ft.), sinking operations were started. 

To give some idea of the amount of cement injected and the pressure required 
in different cases, I have taken No. 2 borehole for an example : 


Cement Cement Pressure 


Depth. Absorbed. Returned. Per sq. in. 
. in. lb. 
10 O Earth — 
32 о Crumbly chalk 71 
49 о ” ?! I4'2—142 
65 o ve ED eee 42:6—153 
SI о Chalk and flints |... 484—128 
07 6 T 42:6—170 
II4 O 42'0— 7"I 
130 О 42:6—185 
146 O es s $5:2—I2I 
200 0 Grevy fuller's earth — 
Tortar for 146 ft. — 
Consumption of Cement. Sacks. 
The number of sacks used in the six different holes id ... 7.052 
The number brought to the surface in washing ... e. I,104 
The number absorbed in the holes and therefore utilised.. e. 5,988 


During the actual operation of injection the percentage of the total consumption 
of cement used effectively in the six different holes was 84 per cent., but, of course, 
ihe remaining 10 per cent. were subsequently utilised by being pumped back, and 
subsequently injected into other holes as thev came to be bored. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


THE NEW INFIRMARY, NORWICH. 


OwiNG to the increasing number of persons requiring indoor medical treatment, the 
provision existing at the workhouse infirmary had been found quite inadequate ; 
accordingly, the Norwich Board of Guardians decided in 1908 that the building of a new 
infirmary was absolutely necessary. The new women’s wing and an administrative 
block were opened in October last, and it is hoped in the near future to complete the 
new infirmary by the addition of the men’s wing. The whole block of buildings 
when finished will accommodate 215 patients. 

The new building is erected on vacant ground to the west of the old infirmary. 
The length of the pavilion is 96 ft. 6in. by 24 ft. 3 in. wide, and it is connected to the 
administrative block by a well-lighted corridor, the three floors having the same plan. 
On each floor there is a large balcony, and spacious basements are provided below 
the ground floor of each building which serve for the distribution of hot water 
throughout the infirmary. 

The whole of the floors, supporting beams, ceilings and staircases were built in 
situ with reinforced concrete on the “ Wells" system. The external balconies 
are also 1n reinforced concrete, as well as the floors and roof of bridge connecting the 
pavilion with the administrative block. 

Details of the reinforced concrete floors and beams are shown in the drawings on 
this page, and on page 308. It will be seen from these that the main beams generally 
were I4 in. bv 8 in., the span being 24 ft. 3 in. and placed at 12 ft. centres, all 
internal and salient angles being rounded. 

The floors are 5 in. thick, and are generally finished with Doloment. Staircases 
throughout are of reinforced granolithic, the steps fitted with “ Grano " safety tread. 

In addition to the main infirmary, some additions were made to the nurses' 
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THE NEW INFIRMARY, NORWICH. 


home. Owing 
to the bad soil 
on ,which this 
portion of the 


work was 
carried out, 
the whole 


addition is 
carried bv 
rectangular 
beams which, 
in turn, rest on 
concrete piers 
instead of jack 
arches as usu- 
ally adopted. 
This also 
apples to a 
large portion 
of the main 
building. 

The whole 
of the reinfor- 
ced concrete, 
Granoli thic, 
and mosaic 
work was cat- 
ried out by 
Messrs. Brad- 
ford & Co., of 
Homerton, 
the architects 
being Messrs. 
Morgan & 
Buc kingham, 
of Norwich. 

A good deal 
of reinforced 
concrete work 
has  recentlv 
been carried 
out at Norwich 
bv Messrs. 
Bradford, in- 
cluding the 
new Shire Hall 
with retaining 
wall at the 
foot of slope 
to Norwich 
Castle; also 
new bottling 
stores for 
Messrs. Whit- 
bread. and a 
factory and 
ofħces tor 
Messrs. Cole- 
man & Co. 


CONSTRUCTION. 


THE NEW INFIRMARY, NORWICH. 
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View of finished buildings 
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REINFORCED CONCRETE FLOOR IN RETORT HOUSE AT GUILDFORD 
GAS WORKS. 


AT the Guildford Gas Works a very interesting example of reinforced concrete has 
been carried out in the new retort house. The floor surrounding the retorts has been 
constructed on the Lock Woven Mesh System, the work being carried out by the 
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ging 9 ft. 6 in. 
f the reinforce- 


company’s men in accordance with the method prescribed by the patentees, James Н. 
The building is 106 ft. 9 in. in length, divided up into bays avera 
The feature of the floor construction is the absolute continuity О 


Tozer & Son, of Westminster. 


span. 


The lock woven mesh was supplied in rolls of 108 ft. 6 in. in length, and 
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unrolled side by side on the centering from one end of the building to the other, 
there being no joint or overlap of any kind in the whole length of the structure. 

The position of the lock woven mesh is shown on the plan and cross section 
shown on page 311. It will be seen that great strength is obtained by the absolute 
continuity of reinforcement, and, therefore, jointless floor. 

The whole of the work was carried out under the supervision of Mr. Penrith C. 
Cleasby, the gas company's engineer, who has expressed his entire satisfaction with this 
method of construction. 


CIRCULAR REINFORCED CONCRETE WATER-TANK AT NEW ULM, MICH. 
THE City of New Ulm, Mich., has just completed a reinforced concrete reservoir of 
1,000,000 gall. capacitv, a cvlindrical structure 75 ft. in diameter, with the walls 
30 ft. high, and covered with a conical concrete 7008 The ground on which the 
reservoir is built consists of hard clay, well drained bv natural drainage, and upon 
this clay was spread a layer of stone with an average thickness of 12 in., the voids 
of which were filled with a wet, fine- -grained concrete poured in. This formed the 
foundation for the floor, which is то in. thick, and reinforced near the surface with 
Expanded Metal of No. 16 gauge thickness and 3-in. mesh. The floor is bound to 
the walls bv means of 1-in. round steel rods 8 ft. long, bent so as to extend 4 ft. into 


View of Finished Tank. 


CIRCULAR REINFORCED CONCRETE WATER-TANK AT NEW ULM, Micu. 


the floor and 4 ft. up into the walls. These were placed 12 in. apart throughout 
the circumference. The walls are 20 in. thick at the bottom, and taper to 15 in. 
at the top, with the batter on the outside. They are reinforced with 123 1}-1n. and 
40 I-in. round steel rods rolled to the required radius and placed horizontally, and by 
20 upright supports made of steel angles with lacing bars, which served as supports 
for the horizontal rods during the time of construction, as well as vertical reinforce- 
ment in the walls. The horizontal reinforcement is sufficient to take all the stress 
without assuming tension in the concrete, or counting on the support of the earth 
embankment on the outside. The roof consists of a conical concrete slab 3 in. thick, 
and reinforced with No. 12 gauge, 3-in. mesh Expanded Metal, and is supported bv 
eight trusses radiating to the wall from the centre pillar. The trusses are bound 
together with steel I-beams as purlins 5 ft. apart. The steel trusses are 6 ft. high 
from centre to centre of chord at the кун which rest on the centre pillar, and taper 
down to 3 ft. at the ends resting on the walls. Since it was of the utmost importance 
that the walls and the Ёоог should be water-tight, special care was taken during 
the construction to grade the aggregate for the concrete. It has been found by 
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experiments that the densest concrete can be made when rounded pebbles, varving 
in size from about 1 in. to about 2} in., are used instead ot broken stone, on account 
of the ease with which such pebbles will move about in a quaking mixture while 
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it 15 being worked 
in place, and 
adjust their posi- 
tions so as to 
form the least 
amount of voids. 
For this reason 
pebbles were 
screened from a 
gravel bank and 
used instead of 
crushed stone for 
the walls and 
upper part of the 
floor, and the 
sand used was a 
mixture of very 
coarse and ordi- 
nary fine sand. 
To reduce the per- 
meability of the 
concrete to a 
minimum, 20 lb. 
of hvdrated lime 
was used to every 
barrel of cement, 
and after the 
forms меге  re- 
moved the walls 
were brushed and 
cleaned with 
stecl brushes, and 
two coats ot 
cement plastering 
were applied on 
the inside. The 
mortar for the 
plastering con- 
sisted of 1 pert 
cement, 2 parts 
sand, hydrated 
lime to the extent 
of 10 per cent., 
and Medusa 
waterproofing 
compound to the 
extent of з per 
cent. of the 
cement used. The 
proportion | used 
for the concrete in 
the walls and the 
upper 4 in. of the 


2: 4, and this proportion of concrete, together with the plastering, has appa- 


rently made the walls watertight, as no leakage has been noticed up to this time, except 
a small leak in the bottom shortly after the reservoir was filled, which was due to an 
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imperfect bond at one point between old and new concrete. This, however, did not 
cause serious trouble. The forms for the walls were made in sections about 12 ft. 
long by 21 ft. high, and the inside and outside parts were bound together by means 
of l-in. rods extending through the walls, which were removed after the concrete 


Showing floor supports for reinforcement and forms for walls. 
CIRCULAR REINFORCED CONCRETE WATER-TANK AT NEW ULM, MICH. 


had acquired its initial set. The holes formed by the rods were afterwards filled with 
a strong cement mortar. Only one round of forms was used, as the contractor found 
that he could work most economically filling the forms in one day and removing them 
the next, and set them up for the pouring of concrete again on the third day. When 
it was necessary to build scaffolding, two days were taken to remove and set up the 


Showing roof trusses after completion. 


CIRCULAR REINFORCED CONCRETE WaTER-TANK АТ New Шм, MICH. 


form and build scaffolds. The bond between old and new concrete was made by 
brushing the old concrete thoroughly clean and pouring on a neat cement grout just 
before pouring on the new concrete. 

The above particulars are taken from a paper on this subject read by the 
engineer for the work, Mr. H. F. Blomquist, City Engineer, New Ulm, Mich. 
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Еби REINFORCED CONCRETE STATUE. 


NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
Sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required. —ED. 


STATUE AT ESPALY (FRANCE) OF REINFORCED CONCRETE. 


THE different uses to which 
reinforced concrete сап be 
put is astonishing, and in- 
creases day by day. One of 
the latest is that of a monu- 
mental statue at Espaly, near 
the town of Puy, in France. 
In this place there is a 
basaltic rock at the summit 
of which a castle formerly 
stood. On the ruins of this 
castle a reinforced concrete 
statue has just been erected. 
The model of the statue is the 
work of the sculptor, M. 
Besquent. 

The work was done at 
two separate intervals. The 
pedestal was erected in 1906, 
and the figures were not 
commenced till 1908. The 
latter were to have been 
made of cast iron, but diffi- 
culties arose which led the 
Abbé Fontanille, who was 
having the statue erected, to 
have recourse to reinforced 
concrete, which һаа given 
such good results for the 
pedestal. 

The pedestal, which was 

erected by the Hennebique 
concessionnairesinSt.Etienne, 
Messrs. Chaussat & Tabard, 
takes the form of a tower 
divided into seven vertical 
panels separated by pilasters. 
Its height is 7:40 metres 
24 ft. 4 in.), and its diameter 
7:50 metres (24 ft. 8 1n.). 
Inside, seven columns, each 
20 cm. (8 in.) indiameter, are 
arranged concentrically and reach to the top, where they support а ring-shaped 
beam, which carries the upper platform. They also support two circular galleries 
at different levels reached by staircases. A central opening in the upper platform 
gives access to the interior of the statue if required. 

The statue is 14:70 metres (48 ft. 6 in.) in height from the platform to the top of 
the head, making the total height of the monument 22:10 metres (72 ft. 9 in.). The 
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REINFORCED CONCRETE STATUE AT EsraLy (FRANCE. 


NEW USES FOR CONCRETE. 


weight of the statue alone is about 80 tons. The principle adopted in its construction 
is the erection of a reinforced concrete skeleton, rigidlv fixed to the pedestal, and 
subsequently incased in a thin shell of reinforced concrete, the external surface of 
which is moulded to correspond exactly with the enlarged image of the original model. 


BU 
|2 
. 8. 


9ке du pedestal — 


Vertical section. 


The skeleton consists essentiallv of four 

parts : 

I. А cvlindrical base, concentric with 
the pedestal and resting directlv 
on it ; 

2. A vertical chimney of oval section, 
placed in the axis of the statue ; 

3. À series of horizontal ribs connecting 
the chimney with the external 
shell ; 

4. А special limb for the support of the 
right arm. 


The base consists of а circular drum, 
stiflened by eight buttresses which connect 
it with the platform and assure its inde- 
formability. А rigid floor with intersecting 


Section a b. Section c.d. 


Sectional plan of the pedes al. 


RE:NIORCED CONCRETE STATUE AT Espacy (France). 


beams rests on this drum and bears the whole load of the statue. Above this is the 
chimney, oval in section up to the level of the carpenter’s bench, then circular from 


this point to the upper platform. 
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Above this level it is reduced to a tube, 6 cm. 


(mean CONCRETE GARDEN SEAT. 


24 in.) in internal diameter, passing through the head. The upper portion of this 
ube is formed by a glazed frame. 

The horizontal ribs, which are rigidly attached to the central chimney, are nine 
in number, and are intended to support the shell and to transfer its load to the walls 
of the chimney. In order to stiffen the whole, it was found necessary to introduce 
buttresses into the folds of the drapery, a break in the lower part of the chimney neces- 
sitating the carrying of a part of it by a cantilever. This difficult part of the work 
was also executed by Messrs. Chaussat & Tabard. 

The shell is composed of a number of reinforced concrete sheets, united to one 
another and to the supporting ribs in such a way as to leave no visible junctions, so 
that the work has the appearance of having been carved from a gigantic block of stone. 
In order to obtain such a result, it was necessary to make a full-sized clay model of the 
statue, to make hollow moulds, transport the moulds to the working place, cast the 
cement, erect, fix, and unite the sheets ; and, lastly, to retouch the joints. 

This part of the work was executed with mathematical precision under the 
direction of M. Debert, in spite of the many difficulties that presented themselves. 

It may be hoped that this attempt, crowned as it has been with success, may 
open up a new prospect in reinforced concrete work, and cause it to enter definitely 
into the artistic domain, where it should find numerous applications. 

We are indebted to our contemporary '' Le Béton Armé,” for the above particulars 
and illustrations. 
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CONCRETE GARDEN SEAT. 
The Garden Seat illustrated below was made entirely of concrete by the students 
of the School of Industrial Art of the Pennsylvania Museum, and is à fine example 
of the suitability of concrete for out-door ornamental work. 


CONCRETE GARDEN SEAT 


ENQUIRIES CONCRETE 


ENQUIRY 


COLUMN. 


The name and address of enquirers must always be given, not necessarily for publication. 

The acvice given in reply to enquiries is a matter of personal opinion, and although 
contributed in most cases by experts with special knowledge of the matter in question, it 
must not te considered in the same light as if obtained from a Consulting Engineer, 
Architect, or Solicitor, who should always te referred to in important cases, as our 
columns are not intended to do away with the services of the professional experts on 
constructional or legal matters. 

Replies will be sent by post if the enquiries are marked '' Answers Бу Post’’ on the 
outside. All other enquiries will be replied to in this column. —ED. 


““GRANITE DUST.” 
G. G. (Indore, India), sends us the following enquiry : 

“Т have noticed in a few specifications of concrete ‘ Granite Dust,’ apparently 
as a substitute for sand. I find the greatest difficulty in obtaining good sand in 
my district, and would be glad to know by what process Granite Dust, suitable for 
use as a substitute for sand, is obtained, and if Trap Dust would do as well. I 
presume it is produced by a stone breaker. The important point appears to be 
whether stone for aggregate and dust for sand can be produced at the same operation." 


If the makers of any machines suitable will communicate with us, and furnish 
reports of engincers who have used the plant, their letters will be forwarded to the 
enquirer. 


EFFECT OF MINERAL OIL ON CONCRETE. 

One of our subscribers wishes to obtain information as to the effect of turpentine 
or any other mineral oil on concrete tanks in which it is proposed to store it, and if it 
would be perfectly safe to do so. Can апу of our readers give us results of experience 
as to this ? 


FORMULA FOR A COLUMN OF CIRCULAR SECTION. 
E. S. (Rangoon) writes : 

“In your article on the R.I.B.A. report, published in Vol. II. No. 3, you 
state the formula for a column of circular section. with reinforcing bars arranged in 

a circle as— 
2 
Z —-AA.h T 45 (m — alt À 

h 

Should this not be } (m—1) instead of үу (m—1) ? 


رر 
Reply.—The manner in which the foregoing is arrived at is given in Appendix III.‏ 


of the report, the moment of inertia being divided by half the depth. The formula 
for the moment of inertia of the steel is that for a circle of negligible thickness. 


—— — - 


MEMORANDA. 


Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Standardisation of Loads on Highway Bridges.—The Institution of Municipal 
Engineers have appointed their President and Messrs. Henry C. Adams and H. C. H. 
Shenton to represent them on the Joint Committee being formed by the Council 
and Science Standing Committee of the Concrete Institute to consider the loads that 
should be provided for in the design of highway bridges. 


Bridge at Velindre.—The Aberavon Town Council have approved plans for the 
construction of a reinforced concrete bridge of three spans over the Avon at Velindre 
at an estimated cost of £1,466. 

Bridge at Carr Hall.—\t is proposed to construct a reinforced concrete bridge 
at a cost of about £3,000, towards which the Nelson Corporation have offered to 
contribute £1,000. 

Bridge at Hull.—The city engineer has been instructed to obtain tenders for the 
reconstruction of the reinforced concrete chambers for the pumps, etc., and the tem- 
porary bridge, and has been authorised to carry out the planking and paving of the 
bridge, the masons’ and bricklayers’ work in attending upon the contractors, and 
other work with his own men at an estimated cost of £800. 


Reinforced Concrete and Heating and Ventilating.—In an article in Domestic 
Engineering the advantages of reinforced concrete buildings, as regards heating and 
ventilation, are discussed. The writer of the article states that reinforced concrete 
buildings restrict the “ air leakage " which takes place with other building materials. 
On the other hand, heat transmission through reinforced concrete walls is more rapid 
than through brick walls, partly owing to the better heat conductivity of the material, 
but principally owing to the decreased thickness of the walls. The article goes on to 
point out that to heat and ventilate a building on ideally hygienic lines has alwavs 
been a matter of great expense, especially in cases of hospitals and other public insti- 
tutions, and the engineer in charge of this work is greatly assisted, or the reverse, bv 
the structural conditions of the building. It has been found that reinforced concrete 
15 of great assistance to the heating and ventilating engineer, and as it is taken for 
granted that the public demand for reinforced concrete construction will certainly, 
if slowly, extend, it will be found that numerous advantages—though relatively 
small in themselves—will fall to the engineer through the adoption of this form of 
construction. 

In the first place (the writer says) very careful and complete architectural con- 
sideration must be paid to the heating and ventilating scheme pari passu with the pre- 
paration of the plans. Flues and ducts cannot be concealed in thin reinforced concrete 
walls. Floors and walls must be planned for their admission beforchand, to avoid any 
considerable cutting through the hard concrete, with its vitally important arrangement 
of the reinforcement. In view of the fact that there will be no “ roof space ” in large 
concrete buildings as is required by some heating and ventilating schemes, definite archi- 
tectural provision must be made for running the pipes. There will also occur at times 
a practical difficulty in conveying the vertical pipes and flues when, as in stecl-frame 
buildings, division walls are not continued up and down from floor to floor. Then 
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there will also be advantages in the direction of reducing the cost of the installation. 
Economy will be further increased by forming the ducts entirely of reinforced concrete— 
that is to say, doing away with all brickwork, making the ducts practically air-tight, 
and so minimising the heat losses in transit—a reduction which will be furthered by 
the formation of proper curves and angles which have not been easily possible in 
brickwork. Concrete ducts will also be cheaper to construct, and this fact should 
induce architects to view them with greater leniency than formerly. A further 
advantage to the engineer will be found in the method of laving the floors as the work 
proceeds, instead of waiting for the building frame to be first completed. These are 
typical instances of the changes involved in the adoption of reinforced concrete in the 
main buildings. In many minor respects further advantages, all tending both to 
economy and efficiency, will be found in the adoption of the new medium for the 
construction of such matters as chimney stacks, water storage tanks, “© stumps,” 
foundations for machinery, air inlet and outlet shafts, etc. 

As reinforced concrete tends to more rapid construction than brickwork, and 
much more rapid than stonework, the consequent saving in first cost is allied to the 
many other advantages already recognised. 


Tests of Soft Soap for Water-Proofing Concrete.—A large grain elevator and 
flour warehouse has recently been built on the bank of the River Donau, in Buda- 
pest, on ground subject to high floods. It was, therefore, imperative that the founda- 
tion, which consisted of a concrete mattress varying in thickness from 5} ft. to 6} ft., 
should be thoroughly waterproofed. Preparatory to this work, chemical analyses 
were made of the various waterproofing compounds in common use, and these indi- 
cated that the chief constituent and probable active waterproofing agent of most 
of them was potash or soft soap (Kaliseife). Upon the recommendation of Dr. Ing. 
Zielinski, the waterproofing laver was made 10 cm. (4 in.) thick, consisting of 9 cm. 
(3:54 in.) of concrete, in which stone of a maximum size of 14 cm. (} in.) was used, 
and of a 1 cm. layer of 1: 3 mortar made with finesand. The 9 cm. layer of concrete 
contained 800 lb. of cement per cubic meter, 1:3 cu. yd., and was tamped hard. The 
mortar layer was put down with a wood float. Instead of using pure water in mixing 
the concrete and the mortar, a solution of soft soap was used, the proportions being 
such that there were 6-6 1. to 8:8 lb. of soap per cu. vd. of concrete and mortar. 

Shortly after the completion of the work the foundation was subjected to a high 
hcad, due to a flood, and was found to bc perfectly water-tight, though a similar 
foundation close by, which, however. had not been waterproofed, allowed the water to 
seep through. 

In order to determine with some accuracy the action of the soap as a water- 
proofing agent, a test was made on a small concrete box. The box was 20 in. square 
and r1 in. deep, with bottom and sides то cm. (4 in.) thick, 9 cm. being of the water- 
prooted concrete above described, and 1 cm. of the waterproofed mortar. After 
hardening for 10 davs the box was filled with water and placed out of noes for 
` 28 days, where it was subject to rain, wind, and direct sunlight. 

The box was then emptied and the mortar carefully removed in thin avers in 
order to learn to what extent the water had penetrated the bottom and sides. The 
top layer of 1 mm. (0:039 in.) was completely saturated, had a dark grey colour, and 
less density than normal 1 : 3 mortar should have. An examination of the structure 
of the mortar when magnificd three times showed that the saturation of the laver was 
uniform. The next 1 mm. laver was somewhat damp, but thoroughly dense. Beneath 
this laver the mortar and concrete had the appearance of normal, air-hardened, dry 
concrete. When cut with a chisel it was found to be very hard. 

A chisel cut 1} cm. deep was then made in the bottom, and the box again filled 
with water and allowed to stand for то days. At the end of that period it was found 
that water had penetrated the concrete for a depth of 1 cm. around the cut, while 
the undisturbed layer of mortar on the remainder of the bottom and the sides of the 
box had been penetrated 2 mm. to 3 mm. (0-079 in. to 0-118 in.). 

Dipl.-Ing. E. Schick, the author of the article from which these notes are taken, 
in attempting to explain the action of the soft soap, states that it cannot be attributed 
to any water repellent quality in the soap such as is possessed by fat and by mincral 
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oils. The most likely explanation, he states, is that the free lime of the cement 
combines with the potash in the soap to form insoluble potassium oxide, which 
is of a sebaceous nature, and that this compound fills the pores.—Engineering 
Record. 


The Treatment of Concrete Surfaces.— The Committee on Treatment of Concrete 
Surfaces of the National Association of Cement Users, of which Mr. L. C. Wason, 
of the Aberthaw Construction Co., is chairman, in their latest report recommended a 
treatment for all concrete surfaces which will give an even, light colour, and one 
extremely durable as proved by experience. 

When the cement is green, rub off fins with No. 8 carborundum brick, wet the 
surface, and fill the voids with a mortar composed of 1 part cement to 2 parts fine sand. 
Then float the surface, leaving the least amount of material possible on the wall. 
Let it stand for any length of time. As a finish, clean down the wall surface, wet 
thoroughly, brush on a small amount of mortar, and immediately rub off with a 
No. 30 carborundum brick.—Cement World. 


The Consistency of Concrete.— Although no definite specifications regarding the 
percentage of water can yet be prepared from the experiments on mixing concrete, 
conducted by the Committee on Treatment of Concrete Surfaces of the National 
Association of Cement Users, some interesting conclusions have been drawn. It 
has been found that the percentage of water added to concrete in mixing has a very 
marked effect upon its permeability, and that even slight variations from the proper 
consistency cause very much greater variations in permeability. It is, therefore, 
of great importance that concrete be mixed to the proper consistency to obtain the 
best results. 

As to the best percentage of water, this varies with different cements and aggre- 
gates. and no rule can as yet be laid down ; but with any given cement and aggregates, 
preliminary tests can readily be made to determine the proper amount of water to 
be used in mixing. This consistency can be gauged approximately by the eye. It is 
reached when such an amount of water is used that the water flushes to the surface 
freely when tamped, but not before tamping. and such that when it is thoroughly 
tamped the mass just barely quakes.—Cement World. 


Washing Gravel.— A novel scheme for washing gravel has been in use at Bangor, 
where construction has been under way for some time on a new mechanical filtration 
plant. The concrete aggregate is delivered in piles near the work, and carried from 
them to the mixer in wheelbarrows. The gravel contains a certain amount of loam, 
and it was considered necessary to wash it before incorporating it in the concrete. 
To accomplish this holes were punched in the bottoms and sides of the wheelbarrows, 
converting them practically into sieves. Between the mixer and the storage piles a 
water pipe was connected up with a large perforated nozzle at its discharge end. 
Each wheelbarrow load of gravel on its way to the mixer was rolled under the nozzle 
and streams of water discharged upon it, the material being churned about with a 
spade to expose the lower part of the load to the cleansing action of the water. The 
water and the loam which it flushed out passed out through the perforations in the 
wheelbarrow, and the clean gravel was then carried to the mixer and used.—The 
Engineer. 


Concrete Balusters in U.S.A.—The concrete balusters for the railing of the 
Jerome Avenue arch bridge, in the borough of the Branx, New York City, were at 
the beginning of the work cast in plaster moulds. These, however, gave satisfactory 
results only for three balusters, and then cracked or lost their sharp lines. Iron moulds 
were then tried, and have given satisfaction. One man, with the aid of a labourer 
part of the day, has been able to clean the forms, mix and pour six moulds, and finish 
the six balusters cast the previous day. The balusters are scrubbed to expose the 
aggregate, and to make the handling easicr while scrubbing and prevent breakage 
are mounted vertically in a frame. A reinforcing rod projecting from top and bottom 
runs through the centre of each baluster, and the bottom of this rod drops into a 
socket on the work bench, while a ring holds the top. The baluster can thus be rotated 
as the scrubbing procecds.— T he Engineer. 
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TRADE NOTICES, CATALOGUES, ETC. 


Dr. Gaspary’s Hydraulic Press with semi-circular guide rails for moulding 
boxes.—The reliability and easy manipulation of hydraulic presses have greatly 
contributed to their adoption for the manufacture of cement, terrazzo and granitoid 
plates. Whilst at the beginning only so-called slide table presses were used for the 
manufacture of smaller plates, and hydraulic presses with rotary pressing tables for 
making granitoid plates, the hydraulic press with semi-circular guide rails for moulding 
boxes has latterly been used with great success. 

It has been placed on the market by Dr. Gaspary & Co., Markranstaedt, near Leipzig, 
and consists of a straight part passing between the upper and lower cross-beam, and of 
a pair of curved rails leading round the press in a semi-circle. The shunting of the 
moulding boxes from the straight to the curved part at both ends is effected by 
means of two rotary rails, which, by virtue of their gravity, form a permanent con- 
nection with the side at which the moulding boxes are. Ап accurate connection of 
the rotary parts to the fixed rails is ensured. The rotation of the turning rails is 
easy Owing to the existence of ball bearings at the centres of rotation. So-called safety 
"snaps ”” stop the moulding 
boxes where required for the 
various stages of production. 
The moulding boxes them- 
selves move easily, being also 
fitted with ball bearings. 

The process of working is 
as follows: The moulding box 
which has been used is first 
cleaned and the oiled matrix 
inserted, or instead of oiling 
same a piece of paper is placed 
on it. The moulding box is 
then filled in the front and 
back layer for the plate, and 
the material partly shaken 
into place. This having been 
done, the moulding box, off 
which the surplus material has 
been cleanly swept, is pushed 
on to the turning rails, and 

GasPARY's HYDRAULIC PRESS. on reaching the level part 

comes directly underneath the 

| pressing head. Тһе work- 

man who is attending to the reversing device now moves the lever of same and so 

brings the pressure of the water up to the number of atmospheres desired, and which 

the manometer indicates. A second movement of the lever causes the water to run 

back, and thus releases the moulding box, which is then pulled over the hydraulic 

ejecting device. The ejecting of the first and the pressing of the following plate is 

effected simultaneously. The empty moulding box is then brought back to the spot 

where the matrices are inserted by the aid of the rotarv rails, and the same procedure 
is repeated. 

Practice has proved that, without in any way overtaxing the workmen, 750 
granitoid plates, 350 mm. by 350 mm. (14 in. by 14 in.), can be manufactured in 
10 hours. Two cement or terrazzo plates of 200 mm. by 200 mm. (8 in. by 8 in.) are 
manufactured at a time in a suitable moulding box, which brings the daily output 
of such plates to 1,500. Besides square plates, mitre-shaped plates, base cornice 
tiles, figured wall borders and others can be manufactured in corresponding moulding 
boxes. 

Owing to the high pressure the press is of solid construction, and one of the 
special features is а pressing socket that can be lifted out, and which contains the 
pressing cylinder with the packings. The moulding boxes run securelv on the rails, 
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and are provided with interchangeable steel coatings. The driving of the shaking 
device is effected mechanically by means of a cam shaft. Full information regard- 
ing this press can be obtained from the above-mentioned firm. 


The Сопѕійёге Construction Co., Ltd., ої 5 Victoria Street, Westminster, inform 
us that their system of reinforced concrete has been selected for the new premises 
of the Royal Insurance Co. in Lombard Street, and that the retaining wall round the 
site and floor slabs in the building will be constructed to designs prepared by them. 


Messrs. Hennebique, of Paris.— This firm have just published a pamphlet dealing 
with the special advantages of their method of reinforced concrete construction, and 
they lay special stress on its sound-proof qualities and the rapidity with which it can 
be erected. They compare it to steel structures, and show that these latter carry 
sound with far greater ease than reinforced concrete. 

Concerning the rapidity in execution, they point out that reinforced concrete 
work can be put in hand almost immediately on receipt of an order, and one is in no 
way dependent on the usual workshop delays which occur when it is a question of a 
steel structure. 

Numerous typical examples are quoted in support of this statement, notably 
among them the works executed at the Universal Exhibition of 1900—and also other 
important buildings in Paris and all over the world. 


The pamphlet is well illustrated, and can be obtained on application to Messrs. 
Hennebique, 1 rue Danton, Paris. 


The British Steel Piling Cp. of Dock House, Billiter Street, E.C., have secured 
an order from Меѕѕгѕ. ј. Mowlem & Co., Ltd., for their “ Universal” Joist Steel 
Sheet Piling for the construction of, the Embankment Wall for the London 
County Council from Victoria Gardens to Lambeth Bridge. 


2h 


US 
IMPROVED CONSTRUCTION CO., LD. 


TELEPHONE : 4067 VICTORIA. TELEGRAMS: " BICONCRETE, LONDON.” 


47 VICTORIA STREET, WESTMINSTER. 


Flat-based Concrete Pipes 


Three feet long to Nine feet long. 


Breeze Partitions Porous Pipes 


Reinforced Sleepers Concrete Beams 


Telegraph Poles Hollow Floors 


SPECIALITY :—INVENTORS' DESIGNS CARRIED OUT TO ORDER. 


124 Please mention this Journal when «vriltrid: 


Digitized by Google 


уну у Visviev,p ЭН A ounn у 00 ol Wt р 


"а ctp gy HH AA! ft, wy ‘un LN | tetli) Op’) 


CONCRETE 


CONSTRUCTIONAL ENGINEERING. 


Volume VI. No. 5. LONDON, May, 1911. 


EDITORIAL NOTES. 


NEXT MEETING OF THE INTERNATIONAL TESTING 
ASSOCIATION. 
HE International Testing Association meets next year in the United 
l States, and we would suggest that the British members make timely 
preparations as to the part they intend to play at the Conferences to be 
held, so that the absence of cohesion in our deputations to the Association be 
less marked than heretofore, and our technical contributions to the inter- 
national work more distinctive in quality and quantity than on former occasions. 
England plays a very secondary róle in centres of international research, 
such as the meetings of this body—its position ranks with that of the minor States. 
This is not as it should be, for we can boast of quite a considerable amount of 
good research work done, and even if the compilation of the data resulting there- 
from be somewhat fragmentary, and if we lack a Testing Association of our own 
to systematise our work, as in several other countries, there is no need to “ hide 
our light under a bushel ! ” 


This journal is primarily concerned with concrete, reinforced concrete, and 
Portland cement, dealt with in Group II. of the Association. What are termed 


“© principal questions ” in this group are as follows, and these will be dealt with at 
the Congress by the members named in brackets : 

Reinforced concrete. (Referee : F. Schüle, Zurich.) 

Strength of hydraulic cements. (Referee : F. Schüle, Zurich.) 

Constancy of volume. (Referee : Bertram Blount, London.) 

Tests of the sctting of cements. (Referee not yet named.) 

Cement in sea-water. (Referee : E. Leduc, Paris.) | 

Weathering resistance of building stones. (Referee : A. Hanisch, Vienna.) 

The general “ problems" under review at the Conference include the 

following : 


Weathering qualities of building stones. 
Influence of mortar and stones on the weathering of the masonry. 
Rapid strength tests of cement. 
Adhesive qualities of hydraulic cements. 
Puzzolanas. 
Finest particles in Portland cement. 
Cement in sea water : 

(a) Behaviour of sea structures. 

(b) Specially prepared cements in sea-water. 
Constancy of volume. 
Reinforced concrete. 
Tests of cements by prisms and standard sand. 
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The absence, with one exception, of British or Colonial names among the 
referees makes unpleasant reading, but there is time to remedy the defect, and 
we would earnestly remind the British delegates on the Council of the Interna- 
tional Testing Association to make an effort to obtain the co-operation of our 
countrymen both in the active chairmanship or office of hon. secretaries of 
"Problem Committees," in the position of “ referees," and in the contribution 
of papers as far as concrete, reinforced concrete, and Portland cement are con- 
cerned. IE 
We suggest that during the coming summer a meeting of the British members 
of the International Testing Association be called to arrange for the preliminaries 
as to suitable collaboration in the work—as distinct from the festivities—of next 
year's congress. 


3) 


THE CONSISTENCY OF CONCRETE. 

THE amount of water which should be mixed with concrete is a matter that 
engineers have endeavoured to regulate by the insertion of clauses in specifica- 
tions, but it is rather difficult to come to any definite conclusions. Experiments 
in the laboratory have shown that the drier a concrete is, when properly rammed, 
the greater its strength. There is a considerable disproportion between dry 
and wet mixtures of concrete in the early stages of the hardening, but this 
difference becomes less as time goes on—that 15 to say, the strength of a wet mixture 
is very nearly the same as that of a dry mixture after an interval of about six to nine 
months. Possibly there may be some difference between them always, because it is 
reasonable to suppose that the concrete which has more water with it will have more 
voids, by reason of the water occupying space, this meaning that the structure will 
not be so dense. 

An excess of moisture in the laboratory makes much more difference 
than it does on the works. This is an important distinction, because 
otherwise we should have to pay more attention to dryness of the concrete 
both as regards reduction in compressive resistance in the first few months and 
the adhesion. In practice, however, the concrete is deposited on wooden centering, 
whereas in the laboratory it is deposited in iron moulds. The moisture does 
not get absorbed or dry off in an iron mould, whereas centering is considerably 
absorbent, and the air plays about small thicknesses of concrete and dries up 
a good deal of the moisture. Furthermore, on the works there cannot be the 
same thorough ramming as in the laboratory. It is more important to have 
solidity in the work than it is to have a dry concrete, for a dry concrete which 
has not been well rammed is weak by reason of the cavities within it, the strength 
of concretes depending generally upon their density. 

From the practical point of view, then, a concrete cannot be made very drv, 
otherwise an excessive amount of ramming would be required, and this might be 
scamped by the workmen, and in reinforced concrete scamping at any particular 
point might result in failure. However, it 1s possible in ordinary concrete and 
in mass concrete to employ mixtures that are comparatively much drier than 
we can employ in reinforced concrete work as a rule, the reason for this being 
that in the latter the material must be fairly moist to work in between closely 
spaced reinforcements. Particularly is this so in beams, and especially at the 
ends of beams—-that 15, at the points of support—for at such places in continuous 
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beams top and bottom reinforcements are used, and bars crossing with each 
other and cranked up over neighbouring bars, producing such a close massing 
of the steel that the concrete needs to be almost in the nature of grout to pass 
between the bars. In plain mass concrete, on the other hand, and in reinforced 
concrete work where the steel bars are spaced widely apart, and some thickness 
of concrete is employed, such as in arched bridges and foundations, the concrete 
is preferably made drier, because with some thickness of concrete the tamping 
or ramming causes the overplus of moisture in each quantity that is deposited 
to gradually accumulate, until the last lots of concrete that are deposited often 
need to be put in practically dry to overcome the slushiness that would other- 
wise result. In such thick work, too, there is not the same amount of moisture 
removed in drying out in the air, nor, of course, does the centering remove so 
much by absorption, nor is there such loss of moisture by dripping through the 
boards. The condition of the atmosphere and the sunshine must naturally 
affect the amount of water that should be employed in the mixing, for it will 
remove more or less by evaporation. The dryness of the timber used in the 
centering also affects the matter. 


CONSISTENCY OF THE CONCRETB IN MOULDED WORK. 

In the above discussion we have excluded from our view moulded or shop 
work, though this journal, dealing with the whole aspect of concrete, is equally 
concerned therewith. In shop work we may say generally that dry mixtures 
are favoured because they enable the moulds to be removed sooner than can 
be done with wet mixtures, and, of course, the cost of the moulds is so consider- 
able that every endeavour is made to reduce the time which the materials have 
to remain in the moulds in order to enable a small stock of moulds to be employed. 
With this object, indeed, quick-setting cements are often used. The danger of 
insufficient ramming of dry mixtures is not so great in shop work, as the articles 
are, as a rule, not so large, and the labour is under better supervision, while 
men are generally employed who have been properly trained in the shop. Some- 
times in shop work, too, the concrete is pressed in the moulds by mechanical 
or hydraulic contrivances. In such cases the risks with hand labour are avoided, 
but very often such pressing, though it makes the materials cohere so that the 
moulds can be removed almost immediately, does not alwavs ensure a dense 
concrete, the pressure not causing the aggregate to wedge itself together, a more 
or less arching action taking place within the mould. This is the reason why 
shaking tables are preferred where machinery is employed, though even with 
such shaking tables the mixture cannot be quite so dry as when the work 1s 
pressed ; but still, the proportion of moisture is small, and the moulds can be 
speedily removed. 

Specifications for work done i» situ often require the water to come to 
the surface with moderate ramming. Some specifications stipulate that 
When the concrete is rammed there shall not be any serious quaking in the 
mass. That, perhaps, is a form of wording which would not be generally pre- 
ferred. Other specifications go to the other extreme, and state that the material 
Shall be sufficiently fluid that only a little ramming is required. For ordinary 
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mass concrete work it seems to be generally specified that the concrete shall be 
what may be called a medium mixture, which shall hold together when squeezed 
in the hand, but shall not show moisture in the heap, and shall not quake on 


ramming. 
For reinforced concrete work it seems to be becoming a custom to gener- 
ally employ a wet mixture. In America this is often called “ mushy ” ; and, 


indeed, it is often so soft that it must be handled carefully to prevent it 
from running off the shovel. In England it seems to be preferred that it 
shall be in the condition that it shows moisture in the heap on any surface that 
may be made by striking or smacking the heap with a shovel. The concrete 
on the mixing platform should not be so wet that the water runs away from 
the heap, for then it tends to a segregation of the cement at the bottom, 
and, indeed, might lead to the cement being lost by being carried away with 
the water that escapes. In mass foundations, where the concrete may be 
required to sustain heavy compression one month after placing, the concrete 
should be dry, and that condition is obtained when the mixture is of the con- 
sistency of damp earth. When some depth has been rammed in place, as we 
have said before, water rises to the surface. In placing concrete under water 
in dock, harbour, or river work, the concrete is generally what is known as a 
dry mixture, but perhaps a better term would be semi-dry, for otherwise 
it might be mistaken by the ignorant to apply to a mixture of materials 
without any water whatever. It must not be supposed that a good deal of 
water is required to hydrate the cement. When the cement sets the water is 
freed from one particle and passes on to hvdrate the next, the only necessity 
being that we should have sufficient water there to provide for the amount that 
evaporates ; but in time, of course, there is no need to keep the concrete moistened, 
for the required moisture will be absorbed from the air. 


AGGREGATES AND THEIR ABSORPTION OF WATER. 

In the above discussion the question of aggregates has not been considered, 
but different kinds of aggregates absorb different amounts of water. Where 
very porous or absorbent aggregates are employed it 15 best that they should 
be wetted before mixing, and therefore they do not enter into the scope of this 
article, which 15 in respect to the real factors about which there may be dispute, 
and about which there is ditference of opinion. It is assumed that where an 
absorbent aggregate is being used, naturally more water would have to be used, 
but this extra water is best put into the aggregate to start with—namely, by 
wetting the material, which can be done with a hose before the sand and cement 
are added. 

It is obvious from the foregoing that we cannot very well include in one 
short article a complete indication of what will be required by the engineer, or 
what should be adopted for the work. It is best, then, that the specification 
clauses should be in general terms, and that the engineer, or those responsible 
for the work, should indicate their wishes under different conditions, and that 
the mixing should be watched from day to day and varied in different parts of 
the work. 


328 


CONSTRUCTION OF PANAMA CANAL. 


CONCRETE CONSTRUCTION 
IN THE 
PANAMA CANAL. 


By JOHN GEO. LEIGH. 


The construction of the Panama Canal is certainly one of the greatest engineering 
feats ever undertaken, and we feel sure that an account of the concrete work in this 
great undertaking will interest our readers. We are therefore devoting three articles to tt, 
and the second instalment will appear in our June numter.—ED. 
IN the locks alone of the Panama Canal—to ignore for the moment all reference 
to the other constructional works of this magnificent enterprise—there will be, 
when completed, no fewer than 4,446,385 cu. vds. of concrete, equivalent, in weight, 
to about 8,000,000 tons. The future traveller across the Central American 
Isthmus, passing on shipboard over what was heretofore a mountain ridge, river 
valley, pestiferous swamp, or luxuriant jungle, will find much to excite his lively 
Imagination. On either side he will see a healthy region, which but few years 
| ago was a hotbed of fell diseases. His admiration will be aroused by recollection 
of the long years of indomitable labour which have enabled the ship which carries 
him to traverse erstwhile hills. He will marvel at the great artificial lake, 
covering for miles what was formerly the valley of the Chagres. He may even, 
it is to be feared, indulge in scoffs when told that one of the unpretentious hills, 
| scarcely less verdure-clad than its neighbours, which bound Gatun Lake at the 
| north, is the once much-discussed Gatun Dam, foredoomed by many of its 
: critics to slide bodily into the Caribbean Sea. 
| But I make bold to prophesy that the largest measure of the traveller's 
wonder and admiration will be reserved for the monster locks—those massive 
monuments of concrete, tunnelled with huge culverts, and hiding tons of intricate 
and carefully adjusted valves, and the most complete installation of gate and other 
operating machinery ever designed—in which his ship, protected against every 
possible danger, will be raised or lowered from one Canal level to another. These, 
together with the lake regulating works and great hydro-electric station in Gatun 
Spillway, from which will be derived all the energy needed to operate the Canal 
throughout its entire length—will be, in the writer's opinion, the crowning triumphs 
of the most remarkable engineering and constructional enterprise the world has 
ever seen. 
Effects of Climatic Conditions.— he use of concrete in inland navigable 
highways is no new thing, but never before has the material been employed in 
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large quantities under conditions such as have prevailed in the Isthmus of Panama, 
far from the base of supplies, and in a region blessed, or otherwise, with the 
abundant rains recorded in the following table : 


| . .Cristobal | Етрїге Апсоп Porto Bello 


, (Atlantic Coast). | (Centre of Isthmus). (Near Panama). (Atlantic Coast). 
Month. E ME UICE MN DICERE. ONCE 

1909. | 1910. 1909. 1910. 19C9. | 1910. 1909. | 1910. 

January ......., 10:61 | 2:94 2:28 °70 2:90 | 1:22 2090 | 1405 
February......... | 192 , 358 1:50 ‘75 2.90 43 6:82 5:89 
March . .......... | 1:85 5 46 `21 1°60 18 , 1:83 3:56 | 6:32 
April............... (o 6 3:30 3°33 4:21 2 92 3:71 1256 , 7-14 
Мау: | 1721 12:09 7°73 11°08 9°10 9°89 9°69 9°30 
June........... n 17:49 , 13:63 7:84 10°14 9-90 8:82 17:70 15:25 
july ызык еы. 12:83 | 21:07 8:27 | 1260 9-01 9:26 | 2633 | 2280 
August ............ 15:42 14:93 7°20 10°08 6:84 12:00 13:83 20°71 
September ...... 16°33 12 05 7°22 8:99 3:86 4°84 1399 ` 13°15 
October ......... 19:31 15:65 21:14 12:57 8:77 8:86 870 ^| 9°54 
November ...... 42:50 30:04 20:99 8:85 15:14 4:29 43°03 23:08 
December ..... 34:38 15:20 9:44 9:06 12:39 10:63 58:17 22:89 
Total ............ 137:41 149 94 | 97:15 90:є6 | 83:91 75°78 23728 | 17012 


Nevertheless, as might be proved readily by figures, rain has had but little 
effect upon the progress of concrete laying. The first permanent concrete work 
in the Canal itself, or its auxiliary works, dates from March 17th, 1909, when 
a commencement was made with concrete placing in the Gatun Dam spillway. 
Since then, from every point, the weekly and monthly records show an increased 
rate of efficiency and progress. Even during the most violent of storms no one 


Galun Lake 
Fig. 1.—Gatun Dam. 
Tur CONSTRUCTION OF THE PANAMA CANAL. 


ceases work ; at Gatun locks, for example, concrete is spaded into place as long as 
the cableway operator can see the signalsof the man whose flag directs the move- 
ments of the buckets, and the rest of the work moves in consonance with this. 
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Culebra Cut and 
Chagres Floods. — 
Except incidentally or 
as bearing directly 
upon its main pur- 
pose— that of indi- 
cating the very impor- 
tant position which 
concrete constructions 
will occupy in the 
completed Canal—the 
present contribution 
| must ignore purely 
/ engineering problems, 
their solution, and 
other aspects of the 
enterprise. As regards 
the topography of the 
Canal it must suffice 
to point out that 
nowhere in Central 
America has the so- 
caled  “ continental 
divide ” a lower eleva- 


Fig. 2.—Map of the Canal Zone. 
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‘ion than between Colon and Panama Bay ; and to this fact, combined with the 
extent and direction of the Chagres valley, must be attributed the long-established 
recognition of a line between these places as the ideal route for inter-oceanic 
maritime communication. 

The two most noteworthy essentials towards triumph over the difficulties to 
be faced were: (т) Adequate machinery for piercing the mountain range, and 
organisation of a high order to secure the expeditious disposal of the excavated 
material ; and (2) reliable provision for protecting the Canal and the shipping 
traversing it against the violent floods which periodically, during the rainy season, 
were wont to sweep from the upper reaches of the Rio Chagres into the valley 
between Gamboa and the Caribbean Sea. How successful the Americans have 
been in respect of the first problem may be gathered from the fact that during 
the period between May, 1904, and March of the present year the excavation in 
the Culebra division alone amounted to 58,262,327 cu. yds., as against about 
20,000,000 cu. yds. achieved in seven years by the first French company. 

The second desideratum has been solved by closing the valley of the Chagres 
in the neighbourhood of Gatun by a great earthen dam, 1} miles long, 115 ft. high 
along the axis, and 2,600 ft. wide at the bottom, faced and strengthened with 
rock at various points. This work, together with the hills east and west of the 
canal line, will create a basin about 175 sq. miles in area, into which all the flood 
waters of the Chagres and tributary streams will be impounded to form a lake 
'vith a surface normally 85 ft. above mean sea level. 

Near the centre of the dam, Fe. r, facing the lake, will be the works for 
regulating the amount of water retained in the latter ; and below these a spillway 
through which the wasted water will flow on its passage to the Caribbean Sea. 
The sides of this channel have been faced with concrete, and the floor for a distance 
of 960 ft. and its entire width of 285 ft. will be similarly covered, the thickness 
of concrete varving from 4 ft. at the gates to 1 ft. at the north end. This concrete 
is being laid in monoliths 20 ft. by 30 ft. in horizontal dimensions, and the total 
in place on March 25th was 128,314 cu. vds.—over 51 per cent. of the 250,000 
cu. yds. required. 

Line and General Plan of Canal.— The Atlantic entrance to the Canal will 
be between two breakwaters, one 10,500 ft. and the other 5,700 ft. long, designed 
to protect shipping from “ northers " and high waves to which Colon and Limon 
Bay are periodically at present exposed. Thence a channel, 500 ft. wide, 
dredged through the bay and excavated from the shore line, leads to Gatun, a 
distance of 6°76 miles. At Gatun a flight of three twin locks, each with a lift of 
281 ft., will raise vessels from the sea level to that of Gatun Lake, or lower them 
from the lake to the sea-level channel. From Gatun to Bas Obispo (23:59 miles) 
the lake will be navigated in channels varving in bottom width from 800 ft. to 
500 ft. At Obispo commences the Culebra Cut, the canal prism for a distance of 
& 1r miles being 300 ft. at the bottom, the surface of the water remaining at the 
lake level. At Pedro Miguel 15 a single lock in duplicate of 30 ft. lift, by which 
vessels will be lowered to a small lake, created by dams closing up valleys through 
which flowed inconvenient streams. The channel between Pedro Miguel and the 
locks at Miraflores will be 500 ft. wide and nearly a mile long. At Miraflores 
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the descent to the Pacific level will be made by a flight of two locks, each of 


Fig. 4.—Gatun Upper Locks Fcrebay. locking South from West Bank. 
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275 ft. lift; and thence to deep water in Panama Bay, a distance of 8:31 miles, 
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the channel will be 500 ft. wide at the bottom, and 45 ft. deep at mean tide. On 
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Fig. 5.—Gatun Middle Locks, looking South from West Bank. 


—— 


the east side of the Pacific entrance, between the shore and Naos Island, a rock 
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breakwater is being built with a view to protect the Canal entrance from possible 
silt from the sandy bottom of Panama Bay. 

Reinforced Lock Floors at Gatun.—In the entire length of the canal, as 
indicated above, there will be twelve lock chambers. All these are being built 
in duplicate, and of identical design and dimensions (see Figs. 9 and ro), the 
only differences in their construction being those deemed desirable as the result 
of local conditions. Thus, at Gatun, additional quantities of large selected 
rock are being embedded in the concrete, adding weight to the massive gravity 
section, acting as reinforcement, and sensibly reducing the cost of construction. 
The most important modifications, however, have reference to somewhat unsatis- 
factory character of portions of the rock foundation, as compared with the sites 
of the locks on the Pacific side. The concrete flooring, accordinglv, in several 
places has been increased in thickness to 15 ft. or 20 ft., and is anchored down by 
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a Cableways for unloading rock and sand. d Electric railway on bank above locks, for hauling 
b Automatic electric railway irom cement, rock and concrete to lock cable» ays. 

sand st rage to mixers, e Cableways over locks, for delivering concrete in 
c Mixing house, locks. 


Fiz. 6.- Concrete Handling Plant, Gatun Locks. 
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steel rails, spaced 6 ft. apart, longitudinally and transversely, to from ro ft. to 
20 ft. in the underlying material. | 

Suggested Isthmian-made Cement.—During 1906-7 a detailed examina- 
tion of the section of the Isthmus to be traversed by the Canal was made by 
Dr. Ernest Howe, an eminent American geologist. 

Dr. Howe agreed with earlier inquirers that, owing to their extensive jointing, 
the hard rocks of the Isthmus cannot be used for dimension stone, and that, 
consequently, concrete would have to be used almost exclusively for construc- 
tional purposes. He accordingly made a careful search for raw materials likely 
to be serviceable in the manufacture of a high grade of Portland cement, and, in 
the end, submitted for burning tests at the Lehigh Valley testing laboratory at 


Digitized by Google 


CONSTRUCTION OF PANAMA CANAL. 


Allentown, Pa., 600 lb. of coral rock and roo lb. each of Chagres clay and hard 
rhyolite tuff or breccia, deemed by him most suitable for the purpose. Considered 
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Fig. 7.— Forms for Concreting Lock Walls. 
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as a whole, the test reports were not unsatisfactory, nor was the estimate that 
cement might be made on the Isthmus at a cost not exceeding $1.34 a barrel 
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Nothing, however, of a practical character followed the suggestion, and in 
February, 1908, the Canal Commission, through its Washington office, called 
for proposals for furnishing 4,500,000 barrels, more or less, of Portland cement 
for use in lock construction. 

Increased Shipments.—In January and February of last year, the con- 
tractors were directed to increase their daily shipments of cement from 1,200 


. = — 


Fiz. 8.— View of the First Completed Sidewall Monolith at Gatun, showing Culverts. 
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barrels to respectively 2,200 and 2,800 barrels in wood, the shipments in bags 


remaining at 1,000 barrels. These supplies, however, were found altogether 
inadequate, and in May it became necessarv to increase the order to 5,300 
barrels daily. At that time concrete laying at Gatun locks and in the spillway 


called for 3,300 barrels of cement daily, in order to permit the mixing plants 
to run at their average rate, while at Pedro Miguel the daily requirements rose 


to 3,000 barrels. In February of this year, in view of the progress of work 
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at Miraflores and the anticipated 
increased activity at all the lock 
sites during the ensuing dry 
season, the daily shipments were 
augmented to 7,000 barrels. 

Local conditions are such as 
to make the use of barrels at 
Gatun slightly more convenient 
and economical than in the 
Pacific division. For this reason, 
and also because of the compara- 
tive dryness of the atmosphere 
on the Pacific slope, the greater 
part of the cemeM delivered in 
bags is now used at the Pedro 
Miguel and Miraflores locks ; 
while most of the barrelled cement 
goes to Gatun, where the rainfall 
is heavy during nine months of 
the year, and rains are frequent 
even in the dry season. 

Up to the end of November 
last there had been returned to 
the United States over 3,200,000 
cement bags in good condition, 
and it is anticipated, taking the 
contract asa whole, that the Com- 
mission will secure at least 90 per 
cent. of the rebate claimable 
under it. In the absence of any 
market or use for them, the 
barrels are destroyed promptly 
after delivery, but most of the 
damaged bags are utilised, when 
filled with sand, in the construc- 
tion of dykes. 

Concrete Handling Plant 
at Gatun. — With the aid of 
Fig. 6 and general reference to 
several of the photographs in- 
cluded in the present article, it 
will be possible to describe in 
comparatively few words the 
method in operation at Gatun of 
handling the materials for con- 
crete and of conveying the concrete 
itself to the place where it is laid. 
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In the vicinity of the locks, and on what is known as the old French canal, 
which extends from Cristobal through the swampy region east of Limon Bay, 
there have been constructed a boat slip and cement shed. To these from 
Cristobal is brought in barges the cement required for Gatun locks and the dam 
spillway, and thither also are transported round the coast and up the channel 
now available through Limon Bay, the rock quarried and crushed at Porto Bello, 
17 miles east of Colon, and the sand dredged at Nombre de Dios, 18 miles further 
eastward. The cement is unloaded by ten electric cranes, the other materials 
being cared for by travelling cableways, which extend over the boat slip and 
cement shed and the places where the sand and rock are deposited. Underneath 
the cement storehouse and the rock and sand piles runs an electric railway to the 


a Culvert in centre wall. e Culvert in side wall. 

b Connections between centre and lateral culverts. f Drainage gallery. 

c Lateral culvert. g Gallery for electric wires. 
d Welle opening from lateral culverts into lock chamber. h Passaueway for operators. 


Fiz. 10.— Cross Section of Lock Chamber and Walls. 
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battery of concrete mixers, a distance of 4,700 ft. ; and along this cars pass charged 
in succession with cement, sand and rock in proportions of 1, 3 and 6. 

The cement dock has a frontage of 490 ft., is 110 ft. wide, and has a storage 
capacity for 100,000 barrels—about a month’s supply. Over the rails on which 
the material cars run are 30 hoppers, into which the cement is dumped, each 
hopper having a valve 15 in. by 30 in. to regulate the charging. The cars are 
charged with sand and rock in similar manner by 22 valves, each 15 in. sq., under 
the sand pile ; and 46 valves, 15 in. by 50 in., under the rock pile. 

Mixing Plant.—ln the second operation the loaded cars run up an incline 
to a platform erected over the mixers into which the materials are dumped. In 
this installation, which deals only with concrete for use in the locks, 
are eight mixers, each of 64 cu. ft. capacity, belt-driven by shafts making 180 revo- 
lutions a minute, with I4 revolutions a minute for the cube. They are charged 
by gravity from hoppers of go cu. ft. capacity, and receive and discharge their 
load without stopping or slowing down. 
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The tip buckets into which the concrete is dumped are carried, one to a car of 
I2 tons capacity, on flat, steel cars, 18 ft. long and 7 ft. wide, to a point on the west 
bank of the locks. Here the electric locomotive and its two cars are met by one 
of the eight cableways which stretch 800 ft. across the locks from steel towers, 
rising 85 ft. above the rails on which they move. The cableway deposits two 
empty buckets and picks up two full ones, which it conveys to that part of the 
lock where concrete is being placed. The same cableways, it may be noted, are 
used to lift material from the locks and dump it by an aerial dumping device, to 
handle forms for the concrete work, and to move parts of the gates and gate- 
operating machinery. When emptied, the buckets, which are nicely balanced 
and can be tipped with but slight effort, are hauled back to the mixers for another 
load. 

Lock Floors and Walls.—The floors and walls of the locks are being built 
up in monoliths. Forms for the floor are made of timber, and are 50 ft. long, 
20 ft. wide, and 20 ft. or 13 ft. high ; while those for the side and centre walls, 
see Fig. 7, are of sheet steel, carried on movable towers, also built of steel. 
Rails are laid close to the line of the walls, and on these the towers move up and 
down the lock chambers ; jacks fixed to the towers and bearing on the forms 
being used to align the latter and hold them in place. There are at Gatun 12 of 
these towers, with forms 78 ft. long from top to bottom, 36 ft. wide and 71 in. 
thick, each form and tower weighing about 2,000 tons. For the sides and ends of 
the wall monoliths, steel girders, 6 ft. high, are built up in succession to the full 
height of the wall before the placing of the concrete begins, while for the backs 
of the walls, steel girders with triangular bracing are used. 

The side walls, Fig. 7, are 50 ft. wide at the floor surface, and narrow 
from a point 241 ft. above the latter until they are 8 ft. wide at the top. The 
middle wall is 60 ft. wide and 81 ft. high; and 421 ft. above the surface of the 
floor is divided into two parts, leaving a space down the centre 44 ft. wide at the 
top and то ft. wide at the bottom. In this space is a tunnel divided into three 
galleries—the highest serving as a passage way for the operators, the middle for 
the wires which will carry the electric current to operate the gate and valve 
machinery, and the lowest for drainage. 

The Culverts.— In the case of both walls and floors, the concrete monoliths 
have to be laid with reference to the culverts embedded in them for the purpose 
of carrying the water which will be used in filling and emptving the lock chambers. 
There will be three main culverts extending the full length of the locks of two 
diameters, 22 ft. and 18 ft., the bottom of the culverts in theside walls being 21 ft. 
below, and that of the culvert in the centre wall 101 ft. above the surface of the 
floor. 

Lateral culverts, in the form of an ellipse, 6} ft. high and 8 ft. wide, run in 
the floor from and at right angles to the main culverts at intervals of 32 ft. and 
36 ft., leading alternately from the side and middle culverts. By each of these 
culverts, the tops of which are 3 ft. below the floor surface, water will be delivered 
to or collected from the lock chambers through five wells in the floor. 

The forms for the culverts are made of open-hearth steel, and are mounted 
on wheels to facilitate removal. At Gatun alone for the main culverts in the 
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side walls there are 21 forms in 12 ft. lengths, each weighing over 138 tons; 
12 forms for the middle wall culverts, each about 80 tons in weight ; and 100 forms 
for the lateral culverts, each 10 ft. long, and weighing over 97 tons. At intervals, 
owing to the great velocity of the water passing through the valves, and to protect 
the concrete immediately below, cast-iron plates 1 in. thick are used as lining 
to the culverts. 

Lock Chambers and Safety Provisions. —As will be observed from the 
plan (Fig. 9), the gates and valves are so arranged that chambers of varying 
length—278°5 ft., 370 ft., 550 ft., ог 908:5 ft.—may be used. It is estimated 
that for the lockage of vessels approaching 550 ft. in length the use of the side 
culvert only will suffice, the centre culvert being employed only during the last 
few minutes of a lockage on the rarer occasions when the 9oo ft. or r,ooo ft. 
chamber 15 required to pass a very long vessel or a number of smaller ships. 

The same illustration 1s interesting as indicating the special provisions made 
to ensure the safety of shipping passing through the locks. Above and below 
each flight there will be long piers, against which all vessels will be required to 
moor before approaching within 300 ft. of the lock gates. They will then be 
taken in charge by powerful electric towing appliances on the lock walls and 
conveyed through the lock gates without use of their own power. At all important 
points the gates are double, and as an extra precaution there will be stretched 
across the lock near the water surface so-called fender chains, sufficiently strong 
to resist the shock of a vessel weighing 10,000 tons, and moving at a speed of 
3 miles an hour, and to bring it to a standstill before it could reach the next gate. 
Above each lock, also, will be an emergency dam readily closed in case of accident, 
and calculated to check any current which might flow through the lock. 

Concrete Piling for Guide Wall Construction.— Тһе upper guide wall at 
Gatun locks (see Fig. 1) will be a continuation of the centre wall, and extend 
into Gatun Lake a distance of 1,500 ft. Тһе portion nearer the lock will be of 
solid construction, but the remaining 850 ft. will be constructed as a reinforced 
concrete cellular wall, supported by reinforced concrete piles driven into the 
bed of the lake to depths from 20 ft. to 70 ft. 

It is estimated that for the foundation of this guide wall there will be required 
3.500 piles. These are now being made at Gatun of I part cement, I} parts sand, 
and 3 parts rock, rectangular in cross-section and reinforced by four longitudinal 
angles near the four corners, connected at intervals of 18 in. by lateral straps. 
The reinforcement is in sections 12 ft. long, so that piles of any length, in multiples 
of 12, may be made. Оп the lower end of each pile is a cast-iron shoe, while 
the upper end is heavily reinforced to withstand the blow of the driver. 

As an additional precaution against the possibility of the concrete being 
crushed, a cast-iron driving head has been devised, consisting of a piston, in which 
is a cushion of sand, rope, and wood. The work of driving the piles was success- 
fully commenced during the first week of March by two steam pile drivers of the 
skid type, having a maximum height above the ground of 93 ft. Each is equipped 
with steam hammers weighing over 10,000 lb., 5,000 lb. of which is in the driving 
part, which falls 42 in. and strikes 60 blows a minute. It is estimated that each 
machine is capable of driving 10 piles per day of eight hours. 

(To be continued.) 
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THE DILATATION 
OF CEMENT AND 
CONCRETE. 


The question of the contracticn and expansion of cement ana concrete is one that has 
often teen discussed, and on which there is a great divergence of opinion. This article 
Ly Mr. Percy C. H. West should, therefore, be of interest io our readers. — ED. 


Іт may be stated as a general rule that the properties of the newer materials 
of construction have been more closely investigated than have those of materials 
which have been in use from very remote periods. In fact, the study of these 
newer materials has revealed properties either not at all or but dimly suspected, 
and if known qualitatively, rarely determined quantitatively, and allowed for in 
actual work. The expansion and contraction of cement and concrete under 
varying circumstances has recently been much discussed, and it would appear 
ihat the fact that other materials possess preciselv similar properties has not 
been sufficiently remarked 

That cement mixtures expand under the effect of heat, in common with 
other materials, is well known ; but how this expansion compares, in degree, 
with that exhibited by other materials is, perhaps, not sufficiently brought out. 
Similarly, the expansion of concrete when wetted is noted, but the fact that 
most natural stones show a similar expansion is left unremarked. 

Bauschinger, in 1879, endeavoured to determine the change in volume of 
cements and cement mortars during the hardening process. The general results 
of his work are well known, and the apparatus devised by him, and perfected by 
Klebe, is now widely used for this purpose. In 1881, Schumann reported the 
results of numerous determinations of the variation in length of test-pieces of 
cement and mortars during setting. He found that all cements expanded if 
immersed in water, and that this expansion continued, at least, up to one vear. 
The cements employed by him, which were of the normal composition of the 
period, expanded from 0-000592 to 0-00255 of their length. If mixed with sand 
the expansion was much reduced ; the normal mortar (3 sand, 1 cement) giving 
values from o-ooor1 to 0-000574 if immersed for two years. 

During the earlier period of the hardening the expansion was greatest, and 
gradually fell off as the age of the specimen advanced. From 24 hours to 7 days 
the expansion varied between 0:0012 and 0:00014 with the prisms of neat cement 
and 0-000044 and 0:0039 with the normal mortar. 

Later, Schumann published a further series of results exhibiting lower 
expansions, and attributed this to the improved methods of manufacture intro- 
duced during the intervening period. His results published in 1889 extended 
over a period of five years, and cover a series of seven cements. The total expan- 
sion of the normal mortar in this case was found to vary from 01000137 to 0:0005, 
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and averaging 0:000316 of the total length. The average course of the expansio 
is represented in the following table: 


EXPANSION IN MMS. OF A PRISM IO CMS. IN LENGTH IMMERSED IN WATER. 


Up to 7 Days. 1-4 Weeks. 4-13 Weeks. 13-26 Weeks. 26-52 Weeks. 
0:0123 е: 0-0051 ТР 0:0025 уз О'ОО29 "s 0°0052 
1-1} Years... 14-2 Years ... 2-5 Years 
00013 — 0:0007 а 0:0016 


These figures have been frequently referred to and used for comparison. Тһе 
very considerable variations from the mean and the considerable advances which 
have been made in the methods of manufacture preclude their being adopted as 
a rigid standard. As will be seen, the average of these tests at two years gives 
an expansion of 0-0003 of the original length. Kasai, in a work published in 1907, 
does not obtain any expansion greater than this, and most of his results show a 
distinctly smaller expansion. Similarly, Schindler, employing cements containing 
up to 4 per cent. of sulphuric anhydride, obtained as the highest value at six 
months, 0:00078 ; with a cement containing only 1:32 per cent., the figure 0-00052 
was not exceeded. 

Dyckerhoff and Durand-Claye and Debray observed high expansions with 
cements containing large percentages of magnesia. Such cements being, however, 
of abnormal composition are of little interest in this connection. 

Campbell and White obtained as a maximum 0-000144 at five years for a normal 
Portland cement. It may therefore be considered that the normal expansion of 
Portland cement resulting from the setting process, in contact with water, though 
a variable quantity, is known, the maximum and minimum being found from 
the results of several investigators. 

In order to determine the relation of the expansion of the various hydraulic 
cements, Schumann carried out an interesting series of experiments. A mixture 
of 4 parts trass, 3 of lime, and 2 of sand gave an expansion of 0:000186 at опе 
year. Hydraulic limes mixed in the proportions of 1 lime to 3 sand gave expan- 
sions over the same period of 0:000315 and 0:000586. In these cases the expan- 
sion was approximately the same during the second six months as during the first. 
Later, Dyckerhoff found that the iron Portland cements gave a greater expansion 
than did the true Portland cements ; a result confirmed by Burchartz, of the 
Royal Material Station at Gross Lichterfeldt. 

This slight expansion of cement mortars and of cement, when immersed in 
water, is independent of the expansion due to over liming or bad preparation. 
It is not due to an excess of gvpsum ; neither is it a feature only observed with 
Portland cement. Schindler has shown that only with a proportion of gypsum 
exceeding a percentage of 2:3 of sulphuric anhydride in the cement is an abnormal 
expansion observed. 

Not onlv do cement mortars expand when exposed to the action of water ; 
bricks and the majority of building stones are similarly affected. Schumann 
tested prisms ro centimetres long of various materials, and found that after 
two weeks’ immersion, bricks showed an expansion varying from 0:00006 to 
0-00019 of the total length. 


Sandstone ... sey 2, ... from  0O:00006 to o:00206 
Limestone ... vas TE TT т O:00004 ,, 0:00260 
Granite and basalt... Pu T» 5 O:00006 ,, 0:00048 
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A most important point in this connection is the reduction in the strength of the 
stone in consequence of the absorption of water. Gary and others have shown 
that the strength of a stone which has absorbed т or 2 per cent. is often less than 
70 per cent. of that of the dry stone. 

Exposed to air, a stone contracts on drying-out. Schumann found that 
this contraction varied as follows : 


Brick eps js а e ... 0:00008 to o:00015 
Sandstone ... "rm T PUE . 0700018 ,, 0:00178 
Limestone ... pa МЕ? a ... 0:00008 ,, 0:00026 
Granite and basalt... e тӘ ...  0*OOO0IS5 ,, 0:00050 


To Schumann's results it has been objected that such experiments should 
be carried out on longer prisms than were used by him. His results, however, 
indicate a regular expansion on immersion and a regular contraction on drying- 
out. They may not be average figures for the stone from the quarry, but they 
show that such alterations do occur. 

Schumann showed that Portland cement mortars (1 cement, 3 sand) after 
one week's storage in water followed by three weeks in air, exhibited a contraction 
varying from 0:0004 to 0100045. Ап hydraulic lime mortar of similar composition 
gave а contraction of 0-00II. А 4 trass, 3 lime, 2 sand mixture gave a contraction 
of 0:00133. 

Tomei also tested various mortars, and his results are tabulated below : 


Age. 7 Davs. 28 Davs. 3 Months. 6 Months. I Year. 
Weight of (о) 0-00026 0:00093 0ʻ00107 0*00I194 0:0026 
sand to (1) 0:00037 0:00050 0:00087 0:00093 0:0016 

I cement | (3) 0:00025 0°000 35 0:00060 0:00065 0:00125 
(6) 0:00025 0:00025 0.00045 0:00057 0:0000 


The maximum and minimum results obtained by Toméi and Grauer are 
given below : 


7; Davs. 28 Davs. 3 Months. 6 Months. I Year. 

Tomei (min.) ... o-oooro 0:00020 0:00060 0:00067 0:0010 
» (max. ... 0:00047 0*00075 0:00123 0*00165 0:00195 
Grauer (min.) ... — == == 0:00015 0.00040 
» (max, ... m — 0:0015 0:0019 0:00225 

2 Years. 31 Years. 5 Years. 

Grauer (min.) ode s ... 0:00050 0:000605 ` 0-00I2 
»  (max.)... "T — ... 0:00250 0:00285 0:0030 


Dyckerhoff found that the iron Portland cements contracted more on drying- 
out than did the true Portland cements. Burchartz was unable to confirm this 
result, finding, in fact, that the two classes behaved similarly. The figures 
given below indicate the close agreement found bv the latter investigator. 


CONTRACTION OF CEMENT MORTARS. 
Normal Mortars (1 cement, 3 sand). Stored in Air. 


7 Davs. 28 Davs. 6 Months. I Year. 2 Years. 

Portland cement (B) 0:00028 0*00044 0:008 I 0:00087 0'00081 
(D) о-00032 0:00062 0-00109 O-OO II 5 O'OOIIS3 

Iron (G)  o-00041 0:00048 0*00093 0:00088 0:00088 
Portland cement (H) 0:00033 0:00053 0-:00102 0:00103 0:00115 


Schüle has also investigated the shrinkage of cement mortars when exposed 


to air, using a measuring bench for this purpose instead of the Bauschinger 
callipers. 
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Generally expressed, his results show that the greatest contraction is shown 
by neat Roman cement and with normal mortars by the slag cements. At the 
same time, it may be mentioned that he found that the Portland cements showed 
very marked variations. 

CONTRACTION OF CEMENTS AND MORTARS (SCHULE) EXPOSED TO AIR. 


Up to 28 Davys. Up to 2 Years. 
Portland cement (neat) 26 ... 0100302 TT 0-00470 
" (1: 3) Ue "T 0:00128 "m 0:0017 
Slag cement (neat) ... bs .. 000272 n 0:00433 
= dec. ЖЖ: aes uo ... 00-00160 М 0-002006 
Roman cement (neat) ide ... . 0:00308 us 0:00500 
Ө Е (1:3) e "T 0:00065 ыз O-OO117 
Hvdraulic lime (neat) D ... 0100243 T 0:00260 
» ie (ES) Pus vus 0:00070 Т 00:02286 


The thermal properties of building stones have received relatively little 
attention, with the result that comparisons between the expansion of concrete 
and of stone are not so satisfactory as might be wished.  Hirschwald, in his book 
on the testing of building stone, gives but little information on this point. He 
gives, however, some interesting cases illustrating the effect of heat. 

In Texas, at Sierra de los Dolores, there is a block of granite 6 metres long, 
41 metres high, originally formed like a roller with rounded ends, now split into 
several pieces like an apple cut with a knife. Other cases occur in which shell-like 
layers have been split off large blocks of stone. In all these cases these phenomena 
are the combined effect of the poor heat conductivity of the stones and the 
relatively considerable expansion due to rise in temperature. In temperate 
climates the diurnal variation in temperature is not considerable; the seasonal 
variation is greater, but is more gradual. The variation in tropical climates is 
greater ; in fact, a drop of as much as 60 degrees Centigrade has been observed, 
consequent upon a rain storm. 

The poor heat-conducting qualities of both natural and artificial stones 
leads to a considerable difference in temperature between the exterior and the 
interior of a mass of stone, resulting in a certain amount of strain. The advantages 
of the poor heat conductivity are apparent ; the effects of the rise in temperature 
are localised, and in a structure a member would have to be exposed to a given 
temperature for a long period in order to expand as a whole. Actual determina- 
tions have shown a difference of 15 degrees in one centimetre with stone. А 
series of determinations of the thermal conductivity of concrete have been 
made by Professor Norton, of the University of Massachusetts. The results 
show that a 1:2 : 5 broken stone-cement-concrete has a coefficient of 
thermal conductivity of 0-0022 cals. per degree centigrade per square centimetre 
per second, 

The coefficient of linear expansion of quartz has been accurately determined 
aud found to be, parallel to the crystalline axis, 0100000797 per degree centigrade ; 
vertical to the axis, 0:00001337. A Calc-5par crystal has a negative coefficient 
of expansion at right angles to the axis, the actual coefficients being : 


Parallel to axis... m Sue SN ... --0:0000263 
Right angles to axis... Р Ase ... — 0700000544 


The above figures have but little value in actual work. 
For more useful data we must turn to the work of Bouniceau (1863). The 
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coefficients of cement concrete, masonry, and various building stones were deter- 
mined by him through a range of 80 degrees. The averages are tabulated below : 


Coefficient Linear Expansion 


Material. Per Degree Centigrade. 

Portland cement (neat), immersed after setting ... 0:0000107 
Portland cement mortar (2 sand, I сепїзпї) O-0000IIS8 
Brickwork set in above (headers) 0:0000089 
А (stretchers) 0:0000046 

Stone from Ranville (limestone) 00000075 
5: ,, Caen (limestone) 0:0000089 

т , Diélette (granite) 0-0000079 
Marble К ae bis 0.000005 
Plaster floating 0:0000166 


Forcheimer refers to the spire of the coefficient at 0-o0001 in calcu- 
lating the expansion of dams due to change in temperature. Professor Pence has 
obtained a figure in close agreement with this—namely, o-0000108 for limestone. 
This figure agrees very closely with those obtained by the same investigator for 
cement concrete. 

The Ecole des Ponts et Chaussées have obtained the following results for the 
different classes of cement: 


Cement. Maximum. Minimum. Mean. 
Hydraulic lime 00000 103 O-OOOOIII 0-0000108 
Grappier cement 0:0000094 0-0000103 О'ООООТО 
Portland cement 0:0000093 O*OOOOIII 0:0000009 
Slag cement 0'0000077 0:0000117 0:0000996 


It will be observed that the coefficients obtained do not agree with the 
determinations of Bauschinger, a figure which is often adopted, of 0-00000865. 

Keller (1894) determined the coefficient of linear expansion of Portland 
cement and of gravel concrete. The aggregate consisted of sand and gravel in 
equal parts, the latter not exceeding 2 ceitimetres. He found, broadly speaking, 
that the poorer the mixture the lower the expansion The actual figures are 


given : 
Parts aggregate to cement SE O 1 2 
Expansion per degree centigrade... 010000126 O-OOOOIII 0:0022I) 
Parts aggregate to I part cement... 4 6 8 
Expansion .. МА Gyk 0-0000I04 0:0000092 0:0202295 


The figures given above for the expansion of neat cement are exceptionally 
high, the other шик» agree fairly well with those obtained by other investi- 
gators. 

Among the most recent results are those of Professor Pence, of the Purdue 
University. Itwas originally proposed to carry out a most extensive series of tests, 
but for certain reasons, among which may be put the close agreement shown bv the 
various mixtures, the work has not been continued. For the determinations 
in the first series, prisms of square section, 36 in. in area and 24 in. in length, 
were employed ; in the second series, cvlinders 4 in. in diameter and 30 in. in 
length were used Both gravel and broken stone concrete were tested, and the 
results were in such close agreement that the difference lav within the experi- 
mental error. Similarly, various brands of cement appeared to have the same 
coefficient. A bar of the limestone employed in the broken stone concrete gave a 
coefficient but slightly differing from that of the 1 : 5 concrete. АН the mixtures 


D 347 


DILATATION ОЕ CEMENT AND CONCRETE. CONCRETE) 


tested were moulded fairly dry, the percentage of water being regulated to give 
a quaking mass when rammed into the mould. 
COEFFICIENT OF LINEAR EXPANSION OF CONCRETE (PENCE). 


Series. Mixers. Cement. Coefficient. 
Ist m I: 2-54 2 Lehigh eG 0:0000097 2 
e: — I:5 T€ Medusa es 0*0000099 
and ... 1:5 a ji x 0-0000097 2 
Е Еее 1:5 Е " e 0-00000954 


These results have been confirmed, in the main, by Professor Norton, who 
finds that the expansion between o and roo degrees is 0:0000099, increasing 
slightly up to 300 degrees, falling from this point to zero at 815 degrees, then 
becoming slightly negative. On cooling from such a high temperature it was 
observed that the test-pieces did not return to their original length, but retained 
an elongation equal to 70 per cent. of the total. 

The numerous factors causing an alteration in volume of concrete test-pieces 
has doubtless militated against the agreement among the results of different 
investigators. The contraction of cement masses, due to loss of water, has a 
considerable effect, as shown by the results of Schumann and keller, and corse- 
quentlv a correction should be made in determinations of the expansion due to 
heat. If such a correction be not made, the results are of value in actual work, 
but their scientific value is reduced, while even for practical purposes their value 
is limited. 

The following results obtained at the Ecole des Ponts et Chaussées are most 
useful as illustrating the contraction resulting from the drving-out and the fall 
in temperature. They, however, do not indicate the relative magnitude of the 
several factors. 

The concrete emploved in these experiments was composed of 300 kgs. of 
Portland cement to 0:4 cubic metres of Seine sand passing the 5 mm. screen, 
and o-8 cubic metres shingle passing the 25 mm. screen. The amount of water 
used was equal to 8:2 per cent. of the dry matter. Prisms, moulded vertically, 
I metre long, were made of this mixture. Three of these prisms were of square 
section, 225 square centimetres in section. One was armoured longitudinally 
with four bars 12 mms. in diameter, the reinforcement being 2 per cent. Two 
were of plain concrete, one being allowed to dry out, the other being kept moist 
bv means of sacks. The remaining test-piece was of octagonal section, and was 
reinforced by six bars, 7 mms. in diameter, equivalent to a reinforcement of 
I per cent. and wound with wire 7 mms. in diameter, in the form of a spiral 
27:5 mms. pitch ; equal to a reinforcement of 2:5 per cent. The results obtained 
are tabulated below : 

VARIATION IN LENGTH OF CONCRETE PRISMS. 
(Ecole des Ponts et Chaussées.) 
Iron Bar as Standard. 


Age. Temperature. Contraction, 
— an ae sir. 24 а e um 0 
=- 4 s ue S Pus - "n 
жет idus "m гор 235 las TN m 0:00002 
Ec. dni 54 iux 197 -— pad ss 0:00006 
=" Aux ees see 14°5 ©. sina Жа ОООО 1+ 
— vu exa is 10°0 say e VES 0:00020 
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+ 
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Spirally Armoured Prism (Dry). 


Age. Temperature. Contraction. 
3 days ms dv 4 T js ie © 
I4 ,, € ... 25 TE m .. . 0'00014 
32 . TP TE s dos in ... . 0:00025 
49 .. jus e. 1977 -— iba ... 0:00029 
95 . T eus 14:6 du or ... 0100045 
ISI ,, € ... IO ior Soa ... . 0:00055 
Longitudinally Armoured Prism (Dry). 
Age. Temperature. Contraction. 
3 days ТЕТ uxo 24 E ies e 0 
13 , jin wee +25 md es . . 0:00013 
31 ,, lus ie 32355 2 T .. . 0:0002I 
48 ,, m ... 19:7 Ass zx . 000024 
94 , pus es 1455 gi КЕ ... 0:00040 
I50 ,, m e. 10-0 TT T . 0100050 
Unreinforced Prism (Dry). 
Age. Temperature. Contraction. 
3 days " see 724 TA wi age О 
I2 ,, swe “ae. . 24 do -— .  O*OOOII 
30 ,, is de 2395 m bod ... . 0:0002I 
47: 3 yes de 19:7 aed е ... 10-00026 
93 . «de es I455 ot T ... . 0:00043 
149 ,, е ... 10:0 iss "s ... 0:00053 
Unreinforced Prism (Kept Moist). 
Age. Temperature. Contraction.’ 
3 days T me 25 s d iw 0 
30 , " (e — 22-5 uds i Mae 30 
47- s us e. 2055 ai^ кр ... . 0:00002 
93 ,, € e. ГО oe or ... ОёООО15 
149 ,, hee ue ОЙ is TA ... . 0:00020 
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CONCRETE MIXERS. 


Іп some former issues we published articles on the different appliances for concrete making, 
and we now intend giving a further series of articles on additional concrete mixers. — ED. 


THE TRUMP MEASURING AND MIXING MACHINE. 
THE advantages of machine mixing over hand mixing are universally recognised 
nowadays, and for work of any magnitude machines are always employed for 
mixing concrete. 

There are several types of machines, which can be divided roughly into two 
main classes—(I) batch mixers, and (2) continuous mixers. The former mixes а 
specified quantity of concrete at a time, consequently the materials have to be 
measured by hand and filled into the machine. Continuous mixers, however, 
give a regular discharge of concrete. 

Some of the continuous mixers belongyto the gravity type, but the Trump 
Measuring and Mixing Machine described in this article, is firstly a measuring 
or proportioning machine and secondly a mixer, turning out concrete either 
wet or dry continuously, and operated mechanically, and does not utilise gravity 
for the mixing of the concrete. The power required for this type of machine 
is verv small. 

Ihe feeding of the various materials to the mixer proper is performed by a 
measuring device which consists of three cylinders, into each of which the sand, 
ballast, and cement are thrown in bulk, and from which the materials pass to three 
rotating tables where they meet fixed knife edges that scrape the materials off 
into a trough below in required proportions. 

The quantity scraped off at each rotation can be varied by altering the set 
of the knife so that any special proportion of the ingredients is automatically 
secured, and can be locked. 

The materials after thus being proportioned flow in the shape of small 
streams which become mixed as they fall in minute proportions, and thus ensure 
the most intimate contact of cement with the ballast and sand. After this stage 
the water is also sprayed in from a perforated pipe, and the materials are 
thoroughly mixed in a cylinder in which steel paddles revolve on a shaft, the 
mixer proper being of the usual paddle type. 

With careful operation much economy mav be effected in the mixing of 
concrete, and a very uniform proportion of the materials can be obtained. 


There are several types of machines suitable for various classes of work that are 
put upon the market by Messrs. W. J. Fraser & Co., where large quantities of material 
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can be utilised and the greatest possible output is required. Thus, for instance, 
special types of machines are built for laying concrete roads or the concrete 
under roads. In these machines the measuring and mixing device is raised on 
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a cart frame which can be drawn by horses along the site, while the materials 
are supplied to a conveyor belt that can be pushed across the road from side to 
side so as to apply the materials to anv part. 
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The Building Trades Exhibition at Olympia 
which opened its doors last week again does 
great credit to its organisers and to the building 
and allied trades, and is certainly one that 
should not be missed by anyone taking interest 
in the building and constructional problems of 
to-day. 

We hope to deal further with the ezr- 
hibits in a subsequent issue.—ED. 


INTERVALS of two years, which elapse between one Building Trades Exhibition and 
another at Olympia, would be far too short to show any great changes in the more 
settled forms of building, but in regard to concrete and concrete working appliances, 
one has been able to chronicle a good dealof change in that time. The industry is so 
voung, and one sees so few traces of standardisation as vet, that we were naturally 
on the look-out for considerable alteration since the exhibition of 1909. 

This expectation is partly realised on the present occasion, but one does not find 
anything startlingly novel, or any difference in method of considerable importance. 
Progress has been in smaller things, and more in the direction of a gradual shaking 
down and perfection of earlier tvpes. Like other new industries, after a few years 
startling inventions are not so frequent, and the many workers seem to settle down 
to the improvement in detail of a few main tvpes of construction and methods 
схе‹ uting work. 

CEMENT. 

As regards materials, of first importance is, of course, the cement, and the stand 
of the Associated Portland Cement Manufacturers (1900), Ltd. (No. 118, row F), is 
worthy of the reputation of this firm and its position as the largest English cement 
producers. The exhibit shows the materials forming cement, at various stages of 
manufacture, samples of cement ground to various degrees of fineness, and of the 
company’s well-known products, together with their special ‘‘ Ferrocrete ” brand 
for reinforced concrete construction. А number of testing machines, including 
crushing machines made at the company's engineering shops from their own design, 
are exhibited and shown in operation. The hydraulic crushing machine, shown in 
Fig. 1, 15 for cement and concrete cubes 50 sq. cm. area. The gauge reads up to 
50 tons, and gives: (1) tons of total pressure on spei imens ; ( 2) toris per Sq. ft. on 
specimens ; (3) kilos per sq. cm. ; (4) lbs. per sq. in. on specimens. Various standard 
tests and other tests are being continually conducted. for the instruction of those 
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visiting the Exhibition. А quantity of briquettes of various ages, and cubes of 
various ages and mixtures are being tested for crushing and tensile resistance. Aggre- 
gates of different descriptions, both suitable and unsuitable for mixing with Portland 
cement, are also shown. At this stand they have also on sale copies of that excellent 
handbook and guide issued by them, entitled “* Every-day Uses of Portland Cement," 


Fig. 1. HYDRAULIC CRUSHING MACHINE MADE BY THE ASSOCIATED PORTLAND CEMENT MANUFACTURERS. 


of which they announce a second edition to be published very shortly, and which will 
be more than double the size ot the first edition that appeared only two years ago 

Messrs. Martin, Earle & Co., Ltd., and The Sussex Portland Cement Co.. Ltd., 
are also represented, both of whom are exhibiting samples of their products. 

While on the subject of cement, reference may be made to a machine tor registering 
the initial setting time of cement, shown by the Ransome ver-Mehr Machinery Co. 

CONCRETE MACHINERY. 

Coming to appliances that treat the materials before they are made into concrete 
or reinforced concrete, we notice that the Ransome ver-Mehr Machinery Co. (Stand 
No. 212, row K), exhibit screens for separating and grading sand and aggregate. 
The screens are horizontal, and not of the rotating tvpe; they are worked by hand, 
being specially mounted so as to require the expenditure of very little effort. The 
screen is raised above the ground so as to discharge the materials into skips or trucks 
below. 

Ordinarv contractors’ vertical screens and rules for levelling concrete floors, etc. 
are exhibited by Messrs. Joha Yates & Co., Ltd. 

A sand and aggregate washer of a rotatory horizontal type is shown by the Builders 
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and Contractors Plant, Ltd. Washing of the materials is a very important item 
to secure good concrete, and the slight expense entailed on a washer of this kind 
should lead to increased washing of materials, which would improve practice very 
considerably, and enable higher stresses to be allowed for in the design. 

For bending the rods that are used in reinforced concrete work, extravagant 
means are often adopted, rods of comparatively small section being sometimes heated 
and worked by a blacksmith, whereas they could be bent cold at a very much smaller 
cost, and much better, too, by means of a machine. One of these which has been 
considerably favoured for this class of work is the Kennedy Bending Machine (Stand 
No. 34^, row C), which is made in various sizes to bend rods of small or large section. 
The bends are often required to be quite sharp and at right angles, and hooks have to 
be bent sharp round to a radius equal almost to that of the bar itself—the Kennedy 
machine has been specially designed to meet such requirements. | 


CONCRETE MIXERS. 

Passing on to concrete mixers, we do not see any new {уре displayed, those 
shown consisting either of the rotating closed box or the open pan and the open trough 
with paddles. To the former type belong the Ransome, Smith, and the Roll 
mixers. In the Smith Machine (Stand No. 33, row С), and the Roll Machine 
the box consists of a double cone which can be revolved on its axis to discharge the 
material at one side ; in the Ransome, on the other hand, the rotating box is a short 
cylinder with blades to mix the materials, and the discharge is effected by means of 
a shoot. The Roll is a new mixer for this country, but in both the Smith and Ransome 
mixers the past two years have seen an improvement in details which has increased 
the value of the machines to contractors. The Express Mixer, made by the 
U.K. Winget Concrete Machine Co. (Stand No. 187, row J), is of the open 
circular pan tvpe, with blades to mix the materials, the discharge being effected bv 
the opening of doors in the bottom. This is a simple contrivance. and a special feature 
is made of its low first cost. Where mechanical power is not available 
machine mixing is still desirable, and 
attempts have been made from time 
to time to perfect small machines 
worked by hand power. The latest is 
the Ransome (Stand No. 212, row К}, 
an illustration of which is shown in 
Fig. 2, which is of 2 cu. ft. capacity. 
This mixer belongs to the open box 
with paddles type, the concrete being 
mixed by means of paddles which are 
set at an angle to ensure the material 
being always delivered to the centre ot 
the drum, so that the batch is mixed 
not only longitudinally, but laterally 
as well. The trouble with the paddle 


mixers is that stones may jamb be- 
tween the paddles and the drum. This 


Fic. 2. THE " RaNsoME" HAND MIXER 


is avoided in the Ransome machine by 
the provision of springs which allow the paddles to give sufficiently to clear a stone. 
The shaft is geared in such a manner that one man can easily revolve the paddles 
when the full batch is in the drum which has been specially designed in shape tor 
discharging the mixed contents into an ordinary wheelbarrow, the discharge being 
effected by tilting the drum practically upside down above {Ше barrow. А neat device 
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in connection with this mixer is the feed-hopper, which acts as a measuring skip, 
provision being made for striking off when exactly 2 cu. ft. of materials has been 
fed into it. Ап illustration of this self-discharging skip is shown in Fig. 3. 
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Fic 3.— SELF-DISCHARGING SKIP OF THE RANSOME HAND MIXER 


We notice that Messrs. Stothert & Pitt also show a cylindrical power mixer of 
similar type in addition to their Smith mixer. 

The Roll Mixer, which is shown by Builders and Contractors Plant, Ltd., is 
shaped more like an apple, and consequently is intermediate in form between the 
double cone and the cylindrical drum. It does not have internal blades to churn the 
materials, but gives efficient mixing without. 

Messrs. F. Johnson & Co. shcw a mixer of a different type, consisting of a cvlinder 
in which paddles or blades revolve and churn up the ingredients. The trough is open, 
and one can easily sce when the materials are properly mixed, by inspection. 

WATERPROOFING MATERIALS. 

While on the subject of the making of concrete, its waterproofing is a point to be 
considered, and the ** Solita '' Cement isa material, in powder form, which is advocated 
for admixture with the concrete to serve to fill the voids, and give greater density 
with a view to increasing its waterprooíness. Ancther waterproofing preparation, 
but in paste form, is ‘‘Ceresit,’’ shown at Stand No. 23, Gallerv. It is claimed that 
‘“ Ceresit,” used as is ordinary water in the mixinz of cement or concrete, makes the 
latter completely proof against the penetration or moisture or water even under 
pressure. The water in which the * Ceresit” is placed mixes just as easily with the 
cement as ordinary water. 

CONCRETE BLOCK-MAKING :MACHINERY. 

As regards concrete block-making machines, the Winget (Stand No. 187, row J) 

is a type which has been extensively used. It possesses the novel feature that one 
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movement of the lever opens or closes the mould ; thus there are no loose pieces. and 
the machine is very quick in operation, it being possible to turn out a large number 
of blocks in a day. In addition to the Express mixer above referred to, at this stand 
is shown an ordinary Winget block machine, a special machine for making corner 
blocks, and a machine arranged to mould six partition slabs at one operation. 
Messrs. F. Johnson & Co. (Hull), Ltd., show a concrete block machine, 
in which pressure is used to densify the materials, in which the cores that form 
the hollows in the block are separate. Messrs. Sam Deards, Ltd., are showing 
the Smales concrete block-making machine, and Messrs. John Pickles & Co.. Ltd., 
show small and large block machines. 
| The First Cottbus Cement 
I Goods and Machine Works, Messrs. 
Baumgarten (Stand No. 66, row D), 
show several moulding machines 
for concrete. There is the concrete 
brick machine, “ Lausitz IL 
which turns out six dense, sharp- 
edged concrete bricks at a_ time. 
Plain, hollow, moulded, key-bricks, or 
paving slabs can be made on it. 
Another machine exhibited at this 
stand makes concrete roofing tiles ; 
these can be glazed in any colour 
desired. А third is for paving tiles ; 
a fourth, а hand-press '' Hercules," for 
making concrete mosaic tiles in manv 
elaborate designs and patterns. There 
is also a machine for making concrete 
partition slabs. АП these emphasise 
the possibilities in these several direc- 
tions for developing profitable business 
in concrete. 


PARTITION SL4BS. 

The subject of block machines 
naturally leads to partition slabs 
which are often moulded in somewhat 
similar machines. In particular, the 
Muribloc Partition (Stand No. 8o, row 
К) 15 noteworthy, because it is rather 
differently moulded from the ordinarv 
partition slab, being made in a special 


Fic. 4.—MeEssrs. BAUMGARTEN S TiLE-MAKING MACHINE, machine which affords hollows in the 

slab, whereas most slabs are made 
solid. Messrs. J. A. King & Co. show their Mack partition slabs, which are made 
of plaster with embedded reeds, and concrete slabs are also shown. Messrs. F. 
Jones & Co. also show concrete partition slabs. 

[In connection with partition slabs, we may mention reinforced block partitions 
which are in evidence at the Exhibition—namely, the exhibit of Messrs. H. W. Cullum 
& Co. 

The Kleine Patent Flooring Syndicate (Stand No. 117. row F) show a hollow 


partition constructed with blocks reinforced through with horizontal layers of hoop 


iron placed alternately near both outside edges of the wall. 
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Messrs. Richard Johnson, Clapham & Morris (Stand No. 169, row Н) show a 
wall constructed with bricks on edge, and also 4} in. brick walls reinforced in the joints 
horizontally with their well-known H.B. reinforcement. 


ROOFING TILES, Etc. 


Connected with the subject of partition slabs is the asbestos thin slab and roofing 
tile. made with Portland cement, samples of which are to be found exhibited by the 
British Uralite Co, (Stand No. 87, row E). Calmon Asbestos & Rubber Works, Bell’s 
United Asbestos Co.'s “ Poilite" brand, Machin & Konig and G. R. Speaker 
& Co.'s “ Eternit” brand. In addition to the asbestos variety, concrete roofing tiles 
are shown at the Exhibition, and Messrs. Sharp, Jones & Co. are exhibiting some 
of these, the manuíacture 
of which is one of their 
specialities. 

Such waterproof cover- 
ing for roofs lead us to next 
consider waterproof sheeting 
for concrete roofs, water 
tanks, etc. The well-known 
‘s Ruberoid,” which has been 
used for a good many years 
now, is shown at Stand 
No. 151, row С, and the 
Barrett Manufacturing Co.'s 
“Congo” roofings, which 
havea world-wide reputation, 
are shown at Messrs. 
Bristowe’s Stand No. 12 in 
the Gallery. **Genasco '' is 

Fic. 5.- THE RUBEROID COMPANY'S STAND. exhibited, also Callender's 
special material. ‘‘Vulcanite, ”’ 
which, while consisting of material applied in the form of sheets, gives a much s 
roofing than the foregoing, is shown at Stand No. 104, row E. These materials, 
course, each have their special advantages. 

Limmer Asphait, Levssel Asphalt, and Trinidad Asphalt are, of course, applied 
hot, as a plaster to concrete roofs, etc. 

While we are still connected with the subject of moulded concrete, reference mav 
be made to the exhibit of some large reinforced concrete pipes by Messrs. Sharp, 
Jones & Co. ; to Messrs. Hubert Todd & Co.'s exhibit of finely mould: а decorative 
artificial stone, and to a similar exhibit by the Empire Stone Co. (Stand No. 21, TOW B). 

FLOORS. 

The Empire Stone Co. also exhibit the Seigwart reinforced concrete fioor 
special point of which is that the hollow concrete tubular beams are cast a nu. 
at a time all in one operation, joined together as one block, and are there and then 
sawn up into separate beams by a spe lal saw. 

Another moulded reinforced concrete floor is the Armoured Tubular (Stand 
No. 213, row K). In this case, however, small hollow blocks of coke breeze concrete 
are dropped between solid reinforced concrete ribs (the concrete being of superio 
quality), and a top finish of concrete 15 applied over all to give the compressive resistance 
necessarv for strength. Sections of their flooring are shown, which are applicable up 


to clear spans of 30 ft., as well as a v: irietv of methods for finishing the upper and lower 
surfaces of such flooring. The formation of floor trenches and the me thod of trimming 
for lift and other openings in floors are also explained at this stand 
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As regards floors with a level ceiling (of which the Seigwart and the Armoured 
Tubular are examples), wc ind Messrs, Homan & Rodgers floor, which was invented a 
good many years ago and has been employed extensivelv,on view at Stand No.127, rowF. 

Messrs. Kleine Fire-Resisting Flooring Syndicate, Ltd., at Stand No. 117, row F 
show their well-known hollow brick floor, which has round or flat rods placed between 
the joints, and concrete filling applied on top of the bricks, thus converting it into a 
reinforced concrete ribbed floor, with a brick ceiling slab between the ribs. A similar 
floor is shown by Messrs. Horace W. Cullum & Co. 

As regards ordinarv fireproof floors and roofs, we now, by natural progression, 
come to the simple flat slab of reinforced concrete. Messrs. Homan & Rodgers show 
this in its plainest form at their stand, where a floor is on view with rods carried 
between rolled steel joists which serve as the main beams. The Expanded Metal 
Co., Ltd., at Stand No. 156, row G, show the application of their well-known product 
to the reinforcing of similar slabs. 

The Trussed Concrete Steel Co.(Stand No. 153, row G) are showing a new product, 
“ Hvrib," which is intended to serve as a reinforcement as well as a permanent center- 
ing. it being claimed that there is considerable economy in this saving of timber 
centering effected by emploving this per- 
forated and distended steel sheet, the cost 
of the material comparing favourably with 
the cost of the timber false work. An 
illustration of this ‘° Hvrib " is shown in 
Fig.6. At this stand the Trussed Concrete 
Steel Co. show a floor slab under test load, 
a partition, and three svstems of casting 
concrete slab between rolled steel joists for flooring, in all of which “ Hvrib " is 
used. 

Messrs. Richard Johnson, Clapham & Morris (Stand No. 169, row H) exhibit 
their wire meshwork reinforcement for floors. At this stand a continuous concrete 
floor has been erected, resting on beams 6 ft. apart, and having one bay, only partly 
concreted, thus showing the disposition of the reinforcement. 

The Coignet system of constructing floor slabs with round rods is shown by the 
aid ot models, photographs, and drawings at Stand No. 86, row E. while Messrs. Leslie 
& Co.’s wav of constructing similar slab floors is explained at Stand No. 218. row К. 


Fic. б. " HyRIB" REINFORCEMENT. 


BARS FOR REINFORCING FLOOR SLABS, BEAMS, Etc. 

As regards special bars used for reinforcing floor slabs, the Kahn bar is shown bv 
the Trussed Concrete Steel Co. at Stand No. 153, where, however, its more extensive 
application in reinforced concrete beams is more emphasised, and a new bar, called 
' Tenet," which is put on the market by the Combined Concrete Construction Co., 
is shown at Mr. Kennedy’s Stand (No. зда, row C), as an example of the capabilities 
ot his bending machine. 

In connection with the reinforcement of beams, we sce that the last two vears has 
led to a better understanding of the manner in which beams should be reinforced 
against shear or diagonal tension, and the advantage of having the vertical members 
securely fixed to the main horizontal tension member—as the fangs of the Kahn bar 
are—have become better appreciated. The importance also of having a hoo* or oth?r 
device to develop the tension in the short length of vertical members is becoming 
recognised, as evidenced by the Leslie linked system, in which the shear members аге 
clamped to the main bar by the wedging action of a driven-on link. 1n the Richard 


Johnson ** Keedon ’’ stirrup, shown in. Fig. 7, in which the member is wedged against 
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the bar, and in the Coignet system, where the main bars are cranked up and bent 
over at the top to engage the top bar. and in the new Expanded Metal bar, where the 
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Fic 7.—Jounson, CLAPHAM & Morris's " КЕЕ рОХ " STIRRUP. 


mesh of the expanded metal sheet attached to the square section main bar serves à 
like purpose. 

We may mention that the Expanded Metal Co.'s exhibit, shown in Fig. 8, is of 
reinforced concrete throughout. It comprises full-size examples of reinforced concrete 


22% column  footings, columns, 
beams, stairs, floors, arches, 
and roofs. The method and 
arrangement of the reinforce- 
ment is clearly displaved. 

There are a good manv 
reinforced concrete specialists 
who are not in evidence at the 
Exhibition. 

We may say generally, 
in speaking of the foregoing 
systems of construction, that 
al! the firms mentioned do, of 
course, apply their systems of 
reinforcement to the con- 
struction of the very manv 
applications of concrete that 
| are made to-day, as, for 

instance, to pipes, sewers, 
arches, reservoirs, columns,etc. 

We see, therefore, that the tendency in the last two years has been chiefly in the 
direction of improvement of detail, either in the making of concrete and the manu- 
facture of concrete articles, or in the detailing of reinforced concrete structural 
members. There are only two new bars to chronicle—namely, that of the Expanded 
Metal Co. and the “ Tenet ” Bar. i 

It looks as though the next two years will continue this tendency to standardisa- 
tion, and the concrete will become more in the nature of one of the staple branches of 
the building trade. But though the industry becomes more staid and commonplace 
as it grows older, it becomes at the same time of greater importance and wider reach, 
and as things appear to be shaping, the concrete industry has reason to anticipate 
continued growth of business and improving trade. 
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The constructional details of the bridge over the Langensug Canal, Hamburg, are of 
special interest and should claim attention. — E. 


Turs bridge over the Langenzug Canal, a Wem of the Alster, was built to replace 
an old iron structure, and carries the traffic by a roadway 33 ft. wide, and two 
footpaths each Іо ft. wide. There are three arches over the canal, the middle 
one of which is 60 ft. clear span, and is used for pleasure traffic, the two side 
ones, with spans of 27 ft., being used for barges and other goods traffic. 

The condition that the road surface must not be higher, nor the intrados of 
the arch lower than the figures given by the architects, made reinforced concrete 


View of the Top Reinforcement in the Arches, 
REINFORCED CONCRETE BRIDGE OVER THE LaNcoENZUG CANAL, HAMBURG. 


the only possible material for the construction, especially as the arch itself was 


very flat. 

As will be seen from the general arrangement of the bridge, the two smaller 
arches are designed in a special manner, the intermediate pillars being connected 
with the abutment pillars by a strong reinforced concrete slab, so that the smaller 
arches actually form a very stiff and massive abutment for the middle one. 
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It was deemed necessary to carry the whole structure on piles, and the 
nature of the soil proved so irregular that this precaution was fully justified, 
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the piles being exceedingly hard to drive on the south side, whereas on the north 
side especially long piles were ге‹ juired to reach solid ground. The whole of the 
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foundation is protected from undermining;by sheet piles, which were used as a 
dam inside which the excavations for the foundations took place, two 4-in. 
centrifugal pumps being required to keep the.foundation pit dry. The bottom 
plate was then constructed and the pillars built up to the water-line, after which 
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the scatfolding for the three arches was finished, the middle one being supported 
on piles driven into the bed of the river, the side ones having uprights standing 
directly on the bottom plate. 

The pillars, abutments, arches, and wings were then made. Planed boards 
only were used for the three arches, the under surfaces of which were not treated 
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in any special 
manner, being 
simply painted 
with a cement 
wash. All the 
other visible parts 
of the bridge are 
faced with lime- 
stone, the para- 
pets being made of 
same material. 

The wings 
are hung as canti- 
levers from the 
bridge proper, 
and at the top 
they are firmly 
connected with 
the abutments by 
means of a tri- 
angular beam. 

About 70,000 
cu. ft. of concrete 
was used, and the 
total amount of 
reinforcement was 
about тоз tons. 
The whole of the 
concrete was 
mixed mechani- 
cally, the mixture 
being 1 part Port- 
land cement to 8 
parts of washed 
pit gravel in the 
bottom plates, and 
I cement to 6 
parts of aggregate 
in the pillars and 
arches. 

The building 
of the bridge was 
completed in the 
space of about б 
months, and the 
testing with а 
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20-ton car was carried out after 28 days of setting. The test was most 
satisfactory and no measurable deflection was noticed under the load applied. 


One of the Foundation Pits, showing Reinforcement for Bottom Slab and Pillars. 
REINFORCED CONCRETE BRIDGE OVER THE LANGENZUG CANAL, HAMBURG. 
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The architects for the bridge were the State of Hamburg, and the contract 
was ‘carried out by Messrs. Christiani and Nielsen, of Hamburg and Copenhagen, 
who were responsible for the design. 


View showing Reinforcement of Arch and Winx. 
REINFORCED CONCRETE BRIDGE OVER THE LANGENZUG CANAL, HAMBURG. 
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Т INSTRUCTION IN RE-: 
INFORCED CONCRETE 
WORK IN CONTI- 
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, NENTAL TECHNICAL : 
P) SCHOOLS. 


з 


The lack of facilities for obtaining instruction regarding reinforced concrete in this country is 
most regrettable. Weare, therefore, presenting an article dealing with the state of affairs in 
Germany and Austria. Not the least remarkable are the classes arranged for older men, who 

are already in practice or hold official positions. —Ed. 


Tue reader of current German technical periodicals cannot fail to be struck by the 
extent to which construction in reinforced concrete has received attention and systematic 
treatment from members of the architectural and engineering professions in Germany, 
Austria and Switzerland. The number of publications dealing with the newer forms 
of construction which emanate from the teaching staffs of the greater technical schools 
is also very remarkable, and is an indication of the extent to which the subject has 
received academic recognition. Even the reader who has observed these signs of 
progress must, however, feel some astonishment on giancing over the lists of courses 
of systematic instruction in the use of reinforced concrete recently published in Beton 
und Eisen. With the exception of very elementary courses, systematic teaching in 
building and architecture rarely finds a place in the technical colleges of Great Britain, 
whilst the newer methods of construction only occasionally form a part of the training 
of engineers. It is therefore all the more surprising to see how far these methods 
have already established themselves as a part of the regular curriculum of engineering 
students in German-speaking countries. 

It is not possible to make a direct comparison between the positions there and here, 
as the relation of the architect and constructional engineer to the builder or contractor 
is very different from that which obtains in this country, but a review of the provision 
made for the instruction of those already engaged in industry, as well as for those 
who are undergoing training as students, is nevertheless of interest. 

The tables published in Beton und Eisen show that special courses of lectures on 
reinforced concrete construction, accompanied in many instances by practical work, 
are given in 19 technical high schools and 42 building-trade schools, whilst 29 other 
trade schools include the subject in their general courses of statics, engineering, or 
building construction. The institutions included in the list are distributed over Ger- 
many and Austria, with the addition of a few Swiss technical schools, of which the 
most important is the famous Zürich Polytechnic. The language of the courses 
enumerated is German, with the exception of that in Lausanne, which is in French, 
and at Prague and Brünn, where courses are conducted in the Czech language as well 
as in German. 

There are no data as to the total number of students attending these courses, but 
the fact that 285 students attended the course in reinforced concrete construction at 
Lemberg, 120 in Charlottenburg, and nearly зоо in Prague during last session, gives 
some indication of the extension already attained. As an example of the regular 
training of students, we may select the Technical High School at Dresden, where the 
following courses are held : 
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I. А course of тоо lectures їп the summer term on reinforced concrete for architects and 
engineers ; 


2. А course of 25 practical classes in the winter term ; 

3. Fifty lectures on the execution of reinforced concrete work, during the summer ; 

4. Fifty classes in the design of reinforced concrete structures, during the winter. 

This class includes visits to buildings in course of erection. 

In a systematic course of training in building construction, the special study of 
reinforced concrete is taken up during the student's third year—two hours cach week 
throughout the two terms—in addition to the morc general treatment of the subject 
in the lectures and drawing-office work in building construction and design. 

In addition to these special classes, the long winter course on the construction of 
masonry bridges includes the treatment of reinforced concrete bridges. Similar 
arrangements, although not always so extensive, are made at most of the other 
schools, the practical work sometimes including the complete working out of a design 
for some structure in reinforced concrete. "The theory of such structures is sometimes 
treated as a separate course, or else finds a place in the general courses dealing with the 
theory of structures. In addition to these classes, which are specially devoted to the 
subject, it is found necessary to devote a share of attention to reinforced concrete 
construction in the lectures and practical classes treating of bridge, hydraulic, and 
railway engineering, of building, and of general statics. 

The fact should also be noted that provision is made in several instances for instruc- 
tion to persons who have ceased to be students, and who are actually engaged in 
practical work as architects, engineers, survevors or builders. Classes of this kind are 
specifically mentioned in the tabular statement as being provided at Hanover, Breslau, 
Brünn, Chemnitz, Dresden, and Glauchau (Saxonv), but it is probable that most of 
the other courses are open to such persons under certain conditions. The fees charged 
are small, amounting as a rule to either 20 or 30 shillings for a course extending over 
one term (about five months) At Chemnitz, the number attending the special 
lectures during the last session was about 30, comprising architects, builders, and 
municipal building officials. 

The instructors in the trade schools are practical engineers and architects. In 
the higher technical colleges special professors are provided for each of the main 
divisions of constructional engineering, and for architecture and statics, whilst the 
German system of *'Privat-lozenten"' (semi-independent lecturers who select the 
subjects of their own courses) gives ample scope for instruction in special branches. 

It must be remembered that the professors of technical subjects of this kind are, as 
a rule, also engaged in practice as designers of buildings of engineering works, and 
are therefore in close touch with the practical developments of their subject. 

At the Royal Technical College, Aachen (Aix-la-Chapelle), reinforced concrete 
construction has already been made a special branch in which a student may clect to 
take his diploma. 

It is obvious that the recognition thus given by ihe centres of technical education 
to the newer methods of construction must be an important factor in contributing to 
that very general adoption of reinforced concrete which has been so remarkable a 
feature of recent engineering and building practice in Germany and other Continental 
countries. It does not follow from the success thus obtained that the German system 
of provision for systematic instruction should be copied exactly in this country, where 
the practice of receiving training in a technical college or university, although fairly 
general among those about to enter the engineering profession, has hardly established 
itself in connection with either architecture or building, but it is certain that much 
may be learnt from a study of the teaching referred to. We must attribute to it the 
closer connection between theory and practice which indisputably characterises German 
constructional work, and that greater readiness toadopt improved methods based on the 
theoretical and experimental researches of adequately trained engincers and architects. 
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THE Y.M.C.A. BUILDING, 


MANCHESTER. 


One of the most important structures that have been erected ín this Country in Re- 
inforced Concrete is the new building for the Y.M.C.A., Manchester, details of which 
are given below. This article was preparea for us by Mr. Albert Lakeman, Hon. 
Medallist, Construction. —ED. 


Tuis building is constructed entirely in reinforced concrete, and, like many other 
buildings of this type, it exhibits some examples of structural design of no mean 
order, which were evolved in the skilful handling of intricate and unique problems 


- MÀ 


Fig. 1. Interior of Lounge on Ground Floor. 
Y.M.C.A. BUILDING, MANCHESTER. 


necessitated by the character of the building, which required several large apart- 
ments, with a clear floor space, at different levels and points in the building, thus 
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reducing the number of possible continuous vertical supports, and inflicting heavy 
loads on those available. It is only proposed to describe in detail those features 
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Fig. 2. Elevation'and Section. 
.M.C.A BUILDING, MANCHESTER. 
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of special interest, and before proceeding to do this, it will be advisable to indicate 
the extent and nature of the accommodation provided, in order that the structural 
difficulties may be fully appreciated. 

The position of the building is a central one, it being situated next to the 
Midland Hotel in Peter Street, with frontages to Mount Street and Museum 
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Fig. 3. View of Finished Building. 
Y.M.C.A. BUILDING, MANCHESTER. 


Street in addition. The site covers an area of about 10,476 sq. ft., with a facade 
measuring about 108 ft. to Peter Street, and about 97 ft. to Mount Street and 
Museum Street. The total height from the lowest basement floor to the main 
roof is about rro ft., while the height above the street is approximately 75 ft. 
There is a sub-basement floor, which is occupied by the heating chamber, stoves, 
and various similar apartments, and this floor is only constructed over a portion 
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K ENGINEERIN Y.M.C.A. BUILDING, MANCHESTER. 


ENGINEERING ~ 
of the site. The basement floor is chiefly occupied by a members’ café, 55 ft. 
by 44 ft., and a billiard room, 55 ft. by 50 ft., while a smoke room, kitchens and 


cellars for the shops above are also situated here. Extensive lavatory accom- 
modation is provided on a mezzanine floor constructed between the basement 
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MANCHESTER. 


Interior of Large Hall. 


4. 
Y.M.C.A. BUILDING, 


Fig. 


and ground floors. The ground floor is occupied by a large lounge, with a raised 
dais at one end, suitable for meetings, with entrances in Peter Street and 
Mount Street, four shops in Mount Street, secretarial and clerks' offices, and the 
various staircases to the upper part, a separate staircase being provided for 
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seniors and juniors. The principal apartments on the first floor are the large 
hall, with asad Ss above, mee: of 2-56 d I,000 Ретона: and the small 
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Fig. 5. Plan of Gallery in Large Hall. 
Y.M.C.A. BUILDING, MANCHESTER. 


hall, with seating accommodation for about 160 persons. In addition there is a 
library and reading and writing room, with various auxiliary apartments. The 
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large hall is situated immediately over the large lounge on the ground floor, and 
owing to the height required in the latter, the floor level of this hall is nearly 6 ft. 
above the general first floor level, and as the height of the hall is nearly 27 ft., 
it extends right through the second and third floors, thus appropriating a great 
deal of room. Juniors’ class rooms and a hobbies room are provided on the 
second floor, and a large juniors' common room on the third floor. The fourth 
floor is chiefly devoted to class and lecture rooms and locker accommodation, 
while the portion adjoining Mount Street is occupied by the tank of the swimming 
bath provided on the fifth floor. It is above this point in the building that 
some of the chief difficulties arose as the fifth, sixth, and seventh floors are planned 
for the athletic members of the Association. 

Cray p? Bar M o tony 


Fig. 6. Details of Swimming Bath. 


The accommodation for this athletic association includes a fine gymnasium, 
over 9o ft. by 52 ft. on the fifth floor, with a running track having 24 laps to the 
mile immediately above, forming also a gallery to the gymnasium, this track 
being suspended from the walls of the two fives courts on the seventh floor ; 
these walls also acting as roof principals. 

The swimming bath, previously mentioned as being on the fifth floor, is 
бо ft. long and 21 ft. wide, and it has a gallery 3 ft. 9 in. wide around same at 
the sixth floor level. There are also numerous dressing rooms, exercise rooms, 
instructors' rooms, and lavatories, situated on these upper floors, and the writer 
is of the opinion that the building forms a unique example in providing a swimming 
bath and similar accommodation on the upper floors in this manner. 

The whole of the structural members are of reinforced concrete, the external 
walls being faced with terra-cotta, which was carried up and used as a form of 
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shuttering for the structural concrete walls, thus obviating че necessity for 
timbering on the exterior. 


The work to the foundations was formed at different levels, owing to the 
sub-basement floor only occupying a portion of the site, and the retaining walls 
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Fig. 8. Details of Roof Trusses over Gymnasium. 
Y.M.C.A. BUILDING, MANCHESTER. 


surrounding this floor were constructed with 9 in. of concrete reinforced with 
l-in. Kahn trussed bars placed vertically at 12-in. centres, and #-in. rib-bars 
horizontally at 24-in. centres, a 21-in. cavity being formed between this wall 
and a 4} brick lining, which was carried up on the inside to prevent any 
possibility of damp passing through. Generally speaking, the foundations to the 
reinforced concrete columns were about 7 ft. square, and 2 ft. 6 in. thick, with 
I in. by 3 in. Kahn trussed bars both ways at 9-in. centres. The soil was found 
to bea red sandstone, having a fairly good carrying capacity. 

The large hall, which is situated on the first floor, provides an interesting 
feature in the large cantilever gallery, a plan of which is shown in Fig. 5. It 
will be seen that the gallery facing the platform is semi-circular, a plan thus 
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affording a good view from all parts. The outer edge was formed as a deep 
eirder connecting the ends of the cantilevers, and making a monolithic form of 
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Fig. 9. 


MANCHESTER. 


Y.M.C.A. BUILDING, 


construction, the depth being obtained 
by carrving up the reinforced concrete 
2 ft. 4 in. above the lowest point їп 
the gallery floor to form a balustrade. 
The general arrangement of the beams 
and cantilevers is clearly shown, and 
need not be described in detail. A test 
was carried out on a portion of this 
gallery, the portion selected being in 
one of the corners directly over one 
cantilever ; the load applied being in 
the form of pig-iron equally distributed 
to give a pressure of 2 cwts. per sq. ft. 
The greatest deflection occurred at the 
outer end, and was only equal to 
3.2/64th of an in., while the deflection 
at the inner end was 0.3/64th of an in. 
when the entire load was in position, 
and three hours after its removal the 
deflection had decreased by one-half. 
Owing to the impossibility of intro- 
ducing supports through this gallery 
and hall to carry the work above, it 
became necessary to construct the par- 
titions forming the class rooms as beam 
partitions in order to carry the floors 
of these class rooms and the gymnasium 
above them. These partitions have ап 
opening in the centre 7 ft. 6 in. by 6 ft. 
wide, corresponding with a corridor, 
and additional reinforcement was 
necessary around these. They are 
I2 ft. deep and 12 in. thick, with a 
span of 50 ft., and the reinforcement 
consists of } in. rib-bars placed ver- 
tically at 12-in. centres, with similar 
bars placed horizontally at 24-in. 
centres. The upper boom of the girder 
is formed by a floor slab 5 ft. wide, 
and the lower flange is heavily rein- 
forced, as shown in the drawing of one 
of these partitions in Fig. 9, which 
also shows the provision for shear. 
The necessity for keeping a clear 


space in the gymnasium involved another problem, which was overcome 
by constructing the walls of the fives courts as roof principals, and from these 
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the floors and the running track around the upper part of the gymnasium were 
suspended. 

A detail of one of these combined roof trusses is shown in the drawing illus- 
trated in Fig. 8, which also indicates the outline of the beam in the fives courts. 
Hangers are provided at every roof truss to carry the outer edge of the track, 
these being б in. by 4 in., reinforced with 1 in. rib-bars in the centre, and 
connected to the concrete curb, which forms the edge of the track. The 
inner edges of the track are carried by the constructional walls around 
same. The principals have a span of about 54 ft., with a depth of 15 ft. 6 in., 
and a thickness of I4 in., the under surface being curved, as shown in the 
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Fig. 10. Gymnasium on fifth floor, with Running Track Gallery. 
Y.M.C.A. BUILDING, MANCHESTER, 


drawing. The work to the swimming bath is interesting on account of its unique 
position on the upper floors as previously mentioned. The tank itself is situated 
between the fourth and fifth floors, this being 60 ft. long by 21 ft. wide, with a 
maximum depth of 6 ft. 6 in. of water, and a minimum depth of 3 ft. 6 in. The 
welght of the pool is carried by seven large reinforced concrete beams having a 
span of 26 ft. in the clear, these being 12 in. wide, and a varying depth according 
to their relative positions under the bath, as shown in the drawings in fig. O, 
the minimum depth being 3 ft. 2 in., and the maximum 6 ft. 2 in. The reinforced 
concrete forming the sides 15 61 in. thick at the bottom, with a splay at the top 
to allow a rebate to be formed for the insertion of the scum trough. 

The walls are also assisted by concrete buttresses at intervals, corresponding 
with the beams, the thickness of these being about 6 in. To ensure that no 
water shall percolate through the surrounding work into the lower part of the 
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beams as shown, and this also served the purpose of forming a flush ceiling to the 
apartment below. The roof trusses over the swimming bath are shown in the 
drawing illustrated in Fig. 7, and it will be seen that the gallery is suspended 
from the trusses in a similar manner to the running track over the gymnasium. 
The hangers in this case are 4 in. by 3 in., reinforced by two 1-1п. rib-bars in the 
centre, and connected to the 12 in. by 6 in. curb which forms the outer edge of 
the gallery. The trusses have a span of 26 ft. 6 in., and are 12 in. thick, the 
under side being curved to give a minimum depth of 18 in. of concrete. Between 
the trusses the roof is formed with a 4-in. slab reinforced with 2-in. rib-bars at 
8-in. centres. 


Fig. 11. Swimming Bath on fifth floor. 
Y.M.C.A. BUILDING, MANCHESTER. 

The work to the bath was tested bv filling the latter with water, this being 
gradually done until it contained about 40,470 gals., weighing about 180 tons. 
Deflectometers were placed under the two beams at the deepest part of the tank, and 
after eight days the maximum deflections were ‘034 in. and ‘042 in. respectively. 

Generally speaking, the floor construction, wherever possible, was lightened 
by the introduction of terra-cotta tubes placed in the underside of the concrete 
construction with the reinforcement between them. The whole of the concrete 
was mixed by machinery in the proportions of 4 of stone, 2 of sand, and r of 
Portland cement. The architects for the building are Messrs. Woodhouse, 
Corbett & Dean, of Manchester, the reinforced concrete construction being 
designed by the Trussed Concrete Steel Co., Ltd., of Caxton House, Westminster, 
and executed under the superintendence of their representative. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new depariure.—ED. 


THE CONCRETE INSTITUTE. 
SWANSCOMBE REINFORCED CONCRETE PIER. 


Paper by C. PERCY TAYLOR, Assoc.M.Inst.C.E. 


The following ts an abstract of a paper under the above title which was read by Mr. C. Percy 
Taylor, A.M.Insi.C.E., at the meeting of the Concrete Institute held on April 6th, 1911, Sir Henry 
Tanner, 1.5.0. (President), in the chair. 

Generally.— he gradual development of the Associated Portland Cement Manu- 
facturers’ Swanscombe works since the commencement of their rotary plant in 1899 
has resulted in a very large increase in the capacity of the works, and necessitated 
considerable enlargement of the wharves, more especially for the loading of cement 
into steamers and sailing ships direct. 

The most important point was the provision of a deep-water pier, and after 
careful consideration an L-shaped concrete pier, with a frontage of 130 ft., and 
having a depth of 17 ft. at low water and 37 ft. at high water (spring tides), was 
adopted. A timber dolphin was constructed about 30 ft. from the up-river end 
for a mooring, and also to form a protection against any shipping which might get 
adrift. 

Owing to the wharf being situated about three-quarters of a mile from the 
works, the cement has to be transported in covered wagons. It was necessary, 
therefore, for these wagons and the locomotives to go direct on to the pier in order 
that the cement might be loaded with a minimum of handling into ships and barges 
alongside. To provide for all contingencies it was decided to design the pier to carry 
the maximum number of locomotives or wagons which could possibly be put on it. 

In calculating the bending moment of the beams and slabs all live loads were 
increased by 50 per cent. This was primarily done to allow for vibration and shock. 

Foundations.— The foundations consist of thirty-two columns, which, except at the 
corner, were constructed in pairs on 25-ft. centres, the pitch longitudinally being 28 ft. 
Each pair of columns is connected just above low-water level by a horizontal brace 
and at the top by a cross-beam. Between the last three pairs of columns at the 
outer end of the pier there is in addition a reinforced diagonal strut. Except at this 
end of the pier, however, it was considered that the L shape of the structure, as a 
whole, secured sufficient stability, and in actual practice this has proved to be the 
case. 

The top cross-beams are extended at each end to form a cantilever, and into 
them are built the ends of the nine rows of longitudinal beams. The position of 
these was arranged to suit the rails, the original intention being to have a full road 
along each side of the pier with cranes carried on gantries spanning the trucks, so 
that vessels could be loaded on each side direct from the trucks. 

As a matter of fact, it was ultimately decided to restrict the loading of vessels 
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almost entirely to the down side of the approach and the outer face of the pier, it 
being thought more advantageous to increase the facilities at these points than to 
make use of both sides with less convenience. 

The '' full " road at these points was therefore done away with, and a platform 
constructed with its surface at the level of the truck floor. Loading cranes—which 
run on rails at the same level—handle the cement from this platform. 

Experimental borings in the neighbourhood showed that the bed of the river 
consisted of a thick layer of mud overlving ballast with chalk below, and that a good 
footing for piles was not likely to be reached at less than from бо ft. to 7o ft. from 
the deck level of the pier. For this reason it was desirable to use a construction 
which involved a minimum of long piles. The other chief idea underlying the designs 
adopted was the desirability of carrying the full diameter of the columns right down 
to the bed of the river without necessitating the deposition of concrete through water. 
Bearing in mind, therefore, the desirability of depositing as little concrete as possible 
through water, a system was worked out for constructing the columns in which the 
concrete carrying the weight of the structure was in the form of blocks moulded 
on shore and matured before being placed in position. 

Arraüugements for Constructing the Pier.—It will be convenient to refer 
briefly here to the general arrangements for constructing the pier. The main 
аса was the avoiding of false work, the working platform being supported 
entirely on the permanent structure previously completed. Six heavy pitch- 
pine baulks about 70 ft. long were carricd on timber framings, supported 
at first on the wharf and later on the top of the completed columns. The 
overhanging ends of the baulks were stiffened by raking struts, which rested on a 
cross-timber attached to the base of the columns just above low water, and reached 
to another cross-timber underneath the ends of the baulks. The main timbers were 
so placed that the blocks of the columns could be lowered between them. A Scotch 
crane was erected over the backs of the long baulks. This was found a most con- 
venient arrangement for carrying out practically all the operations necessary for {һе 
construction of the pier. 

Design of Columns.—The design of the columns provided for blocks, laid 
one on the other, surrounding a central pile, the blocks being keyed together by a 
recess and projection and also by rails passing through vertical holes around the 
central pile. The blocks were further strengthened by ł-in. round rings. The 
only concrete which had to be deposited under water was that used for filling 
around the pile and the rails. 

The central pile alone was not sufficient to support the total weight to be carried 
by each column—about 150 tons as a maximum—but, on the other hand, the carrying 
of more than one pile through the column would have necessitated either a very 
large diameter or else a block with very little solid material in it. It was therefore 
proposed to rest the base of the column on some additional piles driven round the 
centre one and cut off at about ground level. In order to secure ample rigidity for 
the connection between the piles and the column the bottom blocks were made in the 
form of a hollow shell. These were firstly made in reinforced concrete throughout, 
in the belief that the bed of the river would be sufficiently soft for them to be forced 
through the upper layers to form a key. Experience with the first few columns, 
however, indicated that this was not the case, and afterwards the sides of the shells 
were made of steel plate fixed to the reinforced concrete top. To further increase 
the rigidity of the column base a hollow was grabbed out in the bed of the river at 
the side of each column so that the top of the shell-block actually came about level 
with the bed of the river, the hollow being afterwards filled with concrete in bags. 

The driving of the additional piles and the cutting off of them at the level of 
the ground was a simple enough opcration in the first fcw columns above low water, 
but it would doubtless have proved costly both in execution and timber when working 
in deep water. It was therefore decided to try a system of dollying them down to 
a dead level, and this was found bv experience to work very well indeed. 

Although the points of these piles reached an average depth of 60 ft. below the 
working platform, their average length is only 15 ft. 

After the centre pile and the three smaller piles had been driven, the building 
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up of the column proceeded as follows : The bottom shell-block being placed on the 
temporary decking, two long bolts were attached to it, with " T" heads passing 
through slots in two special bars built in on cach side of the hole for the centre pile. 
The shell-block was then lifted by means of these two bolts and dropped over the 
pile. The bolts had flanged projections riveted on to them near the top, and these 
were attached to the centre pile in such a position that the top of the shell-block 
was just above low water. The column was then built up block by block, until the 
total length was about 10 ft. А cross-bar was then placed over the top of the central 
pile, and two sets of tackle slung from this on to the tops of the long bolts. The 
fall ends of the two wire ropes in these tackles were attached to the crane hook. When 
the water was high, and the whole of the column was submerged, the crane was able 
to lift the column sufficiently to release the long bolts from the pile, and the bottom 
part of the column was then lowered about 10 ft. and the flanged projections again 
fastened to the central pile. Building up then proceeded block by block till the 
column was about 20 ft. high. "Three of the rail holes went through the shell-block 
and three were blind. Rails were inserted in the latter three and grouted up, the 
bottom portion of the column was then ready for lowering on to the piles. The 
top cross-bar and tackle were again fixed up and the column lowered until the edge 
of the shell-block began to pierce the mud. The lowering operation was carried 
out in two parts to reduce the risk of swaving of the pile, owing to the tide action 
on the column, and the pile was also stiffened when necessary Ьу temporary bracing 
from the cantilevers. 

The length of this portion of the column was such that when it was in place 
the top was above water at low tide, thus enabling the rest of the column to be built 
up in the dry. Before the upper part of the column was built on, however, the 
three additional rails were inserted in the holes previously empty. These projected 
through to the ground, and grout was poured down the holes surrounding them. 
In order to ensure that the shell-block was properly filled, three special vent holes 
were provided in it just outside the circumference of the column. Pipes were attached 
to these three vents and brought up above low water, and the grouting was not 
stopped until the grout overflowed each of these pipes. The vent pipes were after- 
wards unscrewed close to the shell-block, and when the short lengths of pipe left 
in place were examined it was found that the grouting up had been entirely satis- 
factory except in two cases. These blocks were then filled up. 

Just above low-water level a taper block was introduced to reduce the diameter 
of the column from 5 ft. 6 in. to 4 ft. 6 in., and above this the first 4 ft. 6 in. block 
had a dovetailed recess in the side to receive the end of the horizontal brace, each 
end being arranged so that one of the vertical rails in the column passed through 
it to give it a good key. The top of the column was formed into a square with a 
projection on thc outer side to help in forming the cantilever. 

Next the longitudinal beams were placed. These were all of identical design. 
Thev were moulded on shore and lifted into place by the crane, being temporarilv 
supported on rolled steel joists going right across the pier on each side of the column 
tops, these being slung from needle beams. 

After the placing of the nine longitudinal beams the moulding of the main cross- 
beam and stiffener was taken in hand. The shuttering for the main cross-beams 
was of the simplest possible kind. The base was laid direct on short cross-bearers 
supported on the main rolled steel joists. The side shuttering in place for the end 
cross-beam was formed in bavs, cach of five pieces, which were hinged together. 
The middle piece was rather shorter than the distance between two longitudinal 
beams. The side pieces were each about 18 in.—to form the end of the longitudinal 
beams—and the intermediate pieces were about 2 in. long and hinged to each of 
the others so as to form an adjustable fillet. The stiffener was formed іп а similar 
manner, but the bottom shuttering for this had to be slung from the longitudinal 
beams. 

The shuttering for the decking was carricd on timbers bolted to the longitudinal 
beams through small holes especially lett for the purpose. 

Longitudinal Beams.— The longitudinal beams themselves, without the 
T portion formed by the slab, have to carry the weight of all the shuttering and 
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the concrete forming the deck. The beams as moulded and placed in position by 
the crane were I2 in. wide, 36 in. deep, and had a span, resting on the rolled steel 
joists, of 22 ft., and they were, of course, considered as freely supported at the 
ends. Under these conditions thev have an effective height of 34 in., the neutral 
axis is at a depth of r4 in. from the tops and the radius arm is 29:5 in. 

The load which thev have to carry under these conditions is made up as follows 
for the three centre girders : 


Tons. 
Floor  ... те ез - T гы, ... II 
Three Beams ... "E -— -— T" ... 16:8 
Shuttering еч t oe T T Bx. 102 
Total . ; 29 


This is equivalent to a bending moment of 68 ft.-tons on the span of 22 ft., 
or, Sav, 23 ft.-tons per beam, which, with 3:83 sq. in. of tensional stecl per beam, 
introduces a tension stress in the steel of 5,480 lb. per sq. in., and a compression 
stress in the top of the concrete of about 250 lb. per sq. in. This condition of loading 
—except that due to the shuttering—is permanent, and causes, moreover, no stress 
in the floor slab whatever. The floor slab is onlv stressed by the permanent wav 
locos and wagons. On completion of the decking, therefore, a somewhat unusual 
condition exists—a beam, subjected to bending, and with its top surface, therefore, 
in compression, being practically monolithic with a slab which is unstressed. 

The author then proceeded to give a detailed calculation, with illustrations, for 
obtaining the bending moment for the completed beams. 

Considering the design of the pier as a whole, objection may be raised that the 
idea of making the various portions on shore and connecting them together in situ 
is not consistent with the monolithic idea underlving reinforced concrete design. 
The author did not, however, consider that апу such criticism is valid, in view of 
the fact that no structure of such a size can be said to be built in anvthing but small 
parts in actual practice. 

With even less rigid precautions than were adopted in this case, the author 
felt that the manufacture of separate members is amply justified where the work 
тау be more simply and cheaply carried out by that method, and that where 
shuttering is speciallv expensive and difficult the method might well be adopted a 
good deal more often than it is at present. 
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THE ADAPTABILITY OF REINFORCED CONCRETE 
TO MINING ENGINEERING. 
Paper by R. N. MIRZA, B.Eng. 


The following is an abstract of a paper entitled “ The Adaptability of Reinforced Concrete to Mining 
Engineering " read by Mr. R. N. Mirza at the meeting of the Midland Counties Institution of Engineers 
recenlly held at Nottingham. 

Introduction.—Whilst advocating the use of reinforced concrete іп mining 
engincering, with a view to increased safety both above and below ground, the writer 
was unable to give actual examples of work carried out in this country, but was 
of opinion that this material is eminently suitable in lessening some of the dangers 
met with in evervday mining work. 

For the bencfit of those members who were not familiar with the functions 
performed by the concrete and the steel respectively, a short precis of the theory of 
reinforced concrete might not be out of place. Concrete in compression is consider- 
ablv stronger than in tension, and the best authorities, such as the Roval Institute 
of British Architects, recommend as a safe stress боо Ib. per sq. in., whilst thev 
consider the tensile stress to be almost 177. There seems, however, to be considerable 
difference of opinion amongst engineers, both in Great Britain and abroad, as to 
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whether or not, in calculating designs, the resistance of concrete in tension should 
altogether be neglected. Prof. Hart, in America, and Mr. Considére, in France, 
advocate that an allowance should be made for this resistance, whilst the majority 
of other experts neglect such an allowance, and the writer thought that it was better 
to do so at the present time. The problem was, therefore, to strengthen the structure 
in some manner in the portion subject to tensile stresses, leaving the concrete to resist 
the compressive stresses by its own strength, so long as the latter are within the 
limits of the safe value allowed—that is, 600 lb. per sq. in.—-as, if not, a certain 
amount of reinforcement would also be required for compression. Steel being very 
strong in tension, it is eminently suitable to take up all tensile stresses, so that a 
combination of steel and concrete makes the structure strong in tension and com- 
pression. 

It was fortunate that, so far as elongation or contraction due to changes of 
temperature was concerned, both materials might be taken as acting together. 
Prof. W. D. Pence, of Purdue University, U.S.A., had made considerable research 
in the attempt to discover the co-efficient of expansion of Portland cement concrete, 
and had found it to be, on an average, 0:0000055, the co-efficient of expansion of steel 
being taken as o:0000067. Taking the highest values, the difference of deformation 
of the concrete and steel for a change of temperature of 70? Fahr. (21? Cent.) would 
be only o: 12 in. for a length of тоо ft. Mr. Coignet gave for every 1:8? Fahr. (1° Cent.) 
rise in temperature the co-efficient of expansion for steel as about 0:0000148, and for 
concrete, 0°0000135. From these figures, it was evident that nothing much was to 
be feared so far as temperature stresses were concerned, except in walls of con- 
siderable length. 

The simplest form of efficient reinforcement for resisting tensile stresses appeared 
to be ordinary round steel rods. Тһе shearing stresses of a structure had, however, 
to be taken into consideration, and the general method of resisting these was bv 
the use of what are known as '' stirrups,” which are bars or strips fixed to the main 
reinforcing bar at intervals, and bent to certain angles. These stirrups (or shear 
members) are generally bent at an angle of 45? to the main tension rod ; they thus 
pass through the planes of rupture at right angles, and therefore are of maximum 
efficiency in preventing such planes of concrete from tearing asunder. It had also 
been found desirable that the stirrups should be rigidly attached to the main tension 
rod. І.ооѕе stirrups had also the disadvantage of being liable to be displaced by the 
workmen during the process of ramming the concrete, an operation most essential 
in order to obtain good workmanship. 

Reinforced Concrete for use in Electrical Work.—Aíter a short résumé of the 
principal systems of reinforcement, the writer went on to the question of the suit- 
abilitv of reinforced concrete for use in connection with electrical purposes, 
electricity being at present so extensively used to increase the output of mines and 
to reduce the cost of production. 

To mining engineers who might have found some difficulty in protecting bunches 
of cables underground, the following suggestion might be interesting. Wind first a 
sisal rope, } in. in diameter, spirally around the cable with a pitch of about ‡} in., 
then apply by means of a pad and brush a mixture of 1 part of cement and 2 parts 
of sand. This not only affords a protection against mechanical injury, such as 
accidental damage by tools, rough handling by inexperienced workmen, etc., but 
serves to locate a short circuit in the cable by the bursting of the cement—in fact, it 
is even superior to asbestos. 

А few general applications of the use of reinforced concrete in mining were then 
given : 

Pit Props.— These being fireproof, were very reliable, and although slightly 
heavier, were very much stronger than timber. 

Lining of Underground Roadways.—1n this connection the writer drew atten- 
tion to the adaptability of reinforced concrete slabs, say, 3 in. thick reinforced to 
stand heavy breaking loads, and prepared and matured above ground. These 
can be utilised for supporting the roof of the roadway with beams at, say, 6-ft. 
centres. 

Reinforced concrete lining for main roads was adopted about four years ago at 
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the Béthune Mines, in the Pas-de-Calais coalficld, for the protection of a certain 
section of the road originally supported by steel girders resting upon masonry walls 
about 18 in. thick. It was interesting to note that the present lining of reinforced 
concrete was only about 8 in. thick, and that no skilled labour was used in its con- 
struction. 

There were four distinct advantages in lining roads with reinforced concrete— 
namclv : (1) Resistance to explosions and shocks ; (2) undue accumulation of dust 
prevented, owing to smoothness of surface : such a road could be swept or watered ; 
13! less resistance is offered.to the air-current ; and (4) no depreciation in strength 
and efhciency concurrentlv with age. 

At the Providence Pit, Charleroi (Belgium), the deepest colliery in the world, 
a scheme had been devised whereby reinforced concrete would be used to support 
the whole length of a level subject to great pressures. The Philadelphia and Reading 
Coal and Iron Companv, Pennsylvania, use reinforced concrete extensively in their 
roads, where, owing to double tracks, long spans and arches supported on columns 
are necessarv. When first employed, these columns were made 24 in. square, but 
the later ones had been reduced in size to 18 in. Old rails, conveniently bent, wire 
ropes, etc., were used as reinforcement, and are easily and rcadily obtained on the 
spot. 

Sleepers.—For slecpers in mines where the wear and tear was very considerable, 
reinforced concrete was an ideal substitute for timber, and although slightly in 
excess in first cost over the latter, such sleepers were far more economical in the end, 
as they were practically indestructible. 

Engine Foundations.—For foundations of all descriptions reinforced concrete 
was incomparable, being much better than mass concrete, besides saving a considerable 
amount of excavation. 

Bins.—Many coal- and ore-bins had been constructed of this material, the 
saving in first cost and annual ирКеер for scraping and painting over steel being 
very marked. 

Airways.—An excellent use of reinforced concrete pipes (which could be made in 
lengths up to 18 ft.) was suggested—that is, for the lining of airwavs, thus giving a 
good smooth passage, as there was alwavs a little difficulty in keeping small airways 
thoroughly clean and free from falling débris when constructed in the ordinary way. 

Bulkheads.—The writer believed that it was fairly common practice nowadays 
to build bulkheads in the galleries for resisting large quantities of water, and rein- 
forced concrete was very efficient for their construction, bcing very strong and capable 
of resisting great bursting pressurc. 

. Sanitary Uses.—In addition to the few uses of reinforced concrete above men- 
tioned, and the many others too numerous to be described, the writer drew attention 
to the value of this material for raising the standard of mining hygiene. He feared 
that this matter did not meet with the attention which it merited from thosc re- 
sponsible for the care and safety of the colliery. Excellent sanitary stabling arrange- 
ments could be made by the use of reinforced concrete slab work, made as before 
mentioned, the reinforcement necessary being light steel meshwork. The great 
advantage of using this material was that it could be thoroughly cleansed by swilling 
with a hose, and, in addition, organic acids had no deleterious effect. 

It was impossible to prophesy at the present period the ultimate uses to which 
reinforced concrete would be put ; but there was no doubt that the material had now 
passed the experimental stage, and offered a vast field of investigation and enterprise 
to those interested in mining engineering, whether from the standpoint of economy 
or from that of improved hygiene and efficiency of the employees. 
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AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from ali parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


NORTH BRITISH AND MERCANTILE BUILDING, WATERLOO PLACE, S.W. 
ONE of the finest buildings that have recently been erected in the West End of London 
is that forming the new premises for the North British and Mercantile Insurance Co. 
in Waterloo Place. This palatial block of buildings is a steel-framed structure with 
reinforced concrete floors and roof. The whole of the columns and girders are encased 
with concrete in accordance with the London Building Act. The entire building is 
100 ft. by 60 ft., and consists of five floors and a flat roof. 

The building had to be constructed in two parts, owing to the requirements of 
the former tenants, and as a new addition will be built in about five years’ time the 
work was constructed in such a manner that when a portion of the western wall 
of the building is pulled down, the floors can be continued into the new addition. 

One of the special features of the construction is the size of the floor slabs, the 
largest of these being 24 ft. by 20 ft., and the average about 17 ft. square. АП slabs 
are independent of each other, and bear оп all four sides. In several instances, owing 
to the exigencies of the case, the centering of these very large spans was struck within 
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ro davs without any deflection being observed. No test has been made of the slabs, 
but they were loaded up on more than one occasion with builders’ material to the 
extent of over 3 cwt. per sq. ft. ; they were designed for a load of 1 cwt. per sq. ft. 
The floors are generally 7 in. thick throughout. 

The whole of the roof is constructed of reinforced concrete. The sloping fall of 
the Mansard roof is made of breeze concrete, so as to enable all slates, etc., to b2 
secured to the same without the use of battens. Stairs are of concrete, faced with 
marble. 

The aggregate throughout was formed of 3 parts crushed brick ł in. down, the 
whole of the dust having been eliminated, 2 parts of washed Thames sand, and I part 
of Portland cement. The latter was the J. B. White brand, supplied bv the Associated 


View of Roof during Construction 
NORTH BRITISH AND MERCANTILE BUILDING, WATERLOO Prace, S W. 


Portland ,Cement Manufacturers (1900), Ltd. АП bricks were well wetted before 
being mixed with the sand and cement, so as to prevent the rapid absorption of moisture 
from the concrete. 

The whole of the work was carried out by Stuarts Granolithic Co., Ltd., of 4 Fen- 
church Street, on the “ Wells " system, designed by Mr. E. P. Wells, of 94 Larkhall 
Rise, Clapham, S.W. 

The architects were Messrs Thompson & Walford, and the builders were Messrs. 
Patman & Fotheringham, Ltd. 

REINFORCED CONCRETE CHIMNEYS IN DENMARK. 
CHIMNEYs of reinforced concrete of а tvpe entirely different from any others have 
for the last two years been constructed in the Scandinavian countries by the “ Danish 
Concrete Beam Co., Ltd.," of Copenhagen. | 

The type of chimney built and patented by this firm is called the “ Shamrock 
Chimnev " on account of the peculiar shape of the lower part of the chimney, the 
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AT LOWER END AT ^7/204€ AT TOP END. 


Fig. 1. Sections or “ SHAMROCK" CHIMNEY. 


- ә 


Fig. 2. ' Shamrock '' Chimney for the General Post Otfice, Copenhagen. 
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section of which re- 
minds one of a four- 
leaved Shamrock. 
The reason for 
making the chimney 
of this shape is, that 
the forms for the 
upper and lower parts 
of a chimney are 
made to the same 
radius, thereby mini- 
mising the labour 
required for altering 
the forms, as they 
are moved upwards 
and used over and 
over again during 
the construction. 

The sections of 
a “Shamrock” 
chimney are shown 
in Pig. f. The вес- 
tion at the lower end 
consists of {опг 
arches of a circle, 
each arch a little 
over 90°, correspond - 
ing to the taper 
wanted in the chim- 
ney. Asthe chimney 
is brought upwards, 
the length of each 
arch is shortened a 
certain amount, and 
at the top the arches 
are just 90°, forming 
a true circle. The 
result is a tapered 
chimnev of very 
pleasing effect, con- 
trary to the rather 
unsightly parallel 
shaft, usually made 
of reinforced con- 
crete. 

Of the illustra- 
tions shown, Fig. 2 is 
a chimney recently 
erected at the new 
General Post Office 
in Copenhagen, and 
Fig. 3 represents a 
“ Shamrock " chim- 
ney over 150 ft. high 
during construction. 
Altogether the 
Danish firm has 
erected over twenty 
reinforced concrete 
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chimneys during the last couple of years in Denmark, Sweden, and the West 
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Indian Islands, and the 
chimneys have in every 
case given perfect satis- 
faction. 

The ' Shamrock ” 
chimney is being intro- 
duced into the United 
Kingdom by Messrs. 
J. & W. Stewart, of 
London, Belfast, and 
Dublin. 


REINFORCED CON- 
CRETE BRIDGE AT 
BOSMERE, SUFFOLK. 
THE East Suffolk 
County Council have 
recently reconstructed 
several of their road 
bridges, among which 
is that at Bosmere, 
near Needham, 
which we illustrate 
on page 388. 

This bridge, origin- 
ally a timber structure, 
was in a very bad state 
of repair, and reinforced 
concrete having been 
selected for the recon- 
struction, the contract 
was let to Messrs. D. С. 
Somerville & Co., Vic- 
toria Street, West- 
minster, S.W., who 
have carried out many 
similar structures. 
The existing brick 
abutments were found 
to be in fair condition, 
and it was therefore 
decided to utilise these, 
and by cantilevering to 
reduce the weight as 
much as possible. 

As will be seen 
from the illustration of 
the completed struc- 
ture, intermediate sup- 
ports were formed by 
(wo sets of reinforced 
concrete piles, each set 


consisting of three. 
These piles were manu- 
factured in Messrs. 


Somerville’s yard in 
London, and delivered 
right on to the site, 
readv for driving. 

The bridge consists 


of three spans, the outsides being 9 ft. and the centre 22 ft., the total length being 
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до ft., with a width of roadway of 18 ft. The piles were driven with a 30-cwt. 
monkey until the required set was obtained, the heads then being cut down to 
form a connection for the main beams. We illustrate the plan and section on 
page 389, showing the reinforcing, which was on the Considére system. 

Some six weeks after the completion, the bridge was tested by the County Engineer, 


View of Finished Structure. 


JOSMERE BRIDGE, SUFFOLK. 


Mr. H. Miller, with a 15-ton traction engine, no appreciable deflection being observable. 
Ihe whole of the work was carried out under the supervision of the County Engineer, 
the actual bridge being built in the short space of six weeks. 
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STRENGTHENING GTEEL TRESTLES ON THE WABASH RAILWAY, U.S.A. 
AN interesting piece of work has recentlv been completed on the Wabash Railway, 
U.S.A., where a steel trestle has been converted into a reinforced concrete structure 
bv encasing the original columns and struts with concrete in which is embedded the 
necessary additional amount of steel reinforcement. This was done with a view to 
preventing rust on the interior of the columns, and also to strengthening them. 

The columns and struts are four section Phoenix columns, and the former are 
converted into octagonal concrete columns 18 in. diameter over the faces, reinforced 
by a spiral wrapping of wire. The base is a rectangular concrete block, reinforced 
by a cage of steel rods. The concrete struts are 7} in. by 74 in., each reinforced by 
eight 1-in. rods, around which is wrapped heavy-woven chicken wire ; the struts are 
united to the columns by means of gussets. 

The reinforced concrete bases were cast first. The spiral reinforcing was threaded 
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on the columns and held in place by steel spacers and anchored to the columns. Then 
the boxing for the forms was plac ed, and when a sufficient number was ready, concrete 
was run into them from a train on the trestle. 

Some years ago the columns were filled with concrete, and according to tests 
previously made of these columns so filled the strength had been increased in this 
way about 10 per cent. However, as it was necessary to further increase the strength 
of the columns, the reinforcing work described above was decided on. Before this 
was done a test was made on one Phoenix column that was in stock. This column 
was 27 ft. long. A piece 5 ft. in length was cut from this and was tested as a steel 
coiumn of this length. The rest of the column, which was 22 ft. long, was 
strengthened with concrete and reinforced exactly as in the trestle described. Both 
the 5-ft. plain steel column and the 22-ft. reinforced column were tested by 
Professor Talbot, of the University of Illinois. From these tests it was found 
that the column strengthened with concrete and spiral reinforcement was about 
twice as strong as it was previous to the application of the reinforcement. 
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It is believed that the columns so reinforced will be strong enough to carry the 
heaviest engines in existence. 
The concrete was composed of 1 part Portland cement and 3 parts coarse sand. 
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Encasing Columns with Concrete 
STRENGTHENING STEEL TRESTLES ON THE WABASH RAILWAY, U.S.A. 
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This was made quite wet so as to ensure a dense mixture and a complete surrounding 
of the steel reinforcement. 
The plans were prepared and the work done under the supervision of Mr. A. O. 
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CONCRETE BLOCKS IN IRELAND. 


Cunningham, Chief Engineer of the Wabash Railway, to whom we are indebted for 
our particulars and illustration. 


CONCRETE BLOCKS IN IRELAND. 
Ar Talbot’s Inch, Kilkenny, there is a most interesting industrial settlement which 
is being directed and run by the Dowager Countess of Desart, and Captain the Hon. 
Otway Cuffe. The industries represented are the Kilkenny woodworkers, the Kilkenny 
woollen mills, and tobacco plantation. In addition to providing splendid cottages 
for the workers, the village hall illustrated below has been erected for their use. 

The building is 58 ft. long by 26 ft. wide. It contains on the ground floor 
entrance hall, recreation room (two full-size billiard tables, etc.), kitchen, etc. On 
Ry first floor there is a concert hall with stage, proscenium and seating for an audience 
of 230. 

The architect of the building is Mr. F. W. Kiddie, of Knock-na-Cree, who states 
that it was opened eight weeks and two days from date of laying the foundation, and 
that only one mason was emploved with the assistance of four or five labourers after 


VILLAGE HALL АТ Tarnor's INCH, KILKENNY, MADE OF CONCRETE BLCCKS. 


the first day and a half, when two masons were at work, which speaks well for the 
ease and rapidity with which concrete blocks may be laid. 

The “ Winget ” blocks were supplied by the Concrete Block Co., of Talbot's 
Inch, who have installed a complete plant furnished by the (U.K.) Winget Concrete 
Machine Co., Ltd., Newcastle-on-Tyne, consisting of an “ Express " Concrete mixer 
and 32-in. standard '' Winget " concrete block-making machine and outfit. 

A number of cottages at Talbot's Inch are at present in course of erection with. 
‘“ Winget ” concrete blocks. 
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AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete ts an excellent substitute for 
brickwork, where structures of great height are required.—ED. 


REINFORCED CONCRETE WINE BINS. 
THERE have been numerous examples in France of the use of reinforced concrete 
for wine bins, some having been constructed of this material so far back as 1898. 


— ^o NE 


Cellar of Reinforced Concrete Bins с mtaining 1 FLU Hectolitres. 
REINFORCED CONCRETE PINS AT PERPIGNAN, FRANCE 


and the, fact, that the owners express their complete satisfaction with this method 
of construction is sufficient proof of its suitability for such a purpose. a 
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By CONSTRUCTION REINFORCED CONCRETE WINE BINS. 


One of the principal requirements in the construction of warehouses for storing 
wine is that the greatest possible amount of space is obtainable, and this requirement 
fulfilled by using reinforced concrete 
as with this method the thinnest 
possible walls can be made, and 
every available inch of space can 
be used. Another advantage with 
reinforced concrete bins is that, 
unlike wood, cement is non-absorbent, 
so that the wine is preserved exactly 
as it was put in. 

Wooden bins are treated in various 
ways before being filled with the wine, 
but the most efficacious one for rein- 
forced concrete has been found to be 
by applying a solution of tartaric 
acid, after which the bin 15 well 
rinsed out and ready for use. 

We are indebted to “ Le Béton 
Аттё” for our particulars and for 
the illustrations. 


REINFORCED CONCRETE BOAT, 
AMSTERDAM. 
THE boat described in this article has 
just been launched at Amsterdam. 
It is constructed entirely of reinforced 
concrete by the Amsterdamsche Fa- 
briek van Cementyzerwerken, who 
have been making boats of this 
material since 1887. 
Cellar of 16 Bins containing 6,000 Hectolitres. The boat shown in our illustra- 
REINFORCED CONCRETE WINE BiNs AT PERPIGNAN, FRANCE. tions is 62 ft. long. It was con- 
structed under the supervision of 
Mr. A. A. Boon, chief engineer of the above-named company. 
The width at top is 14 ft., and at bottom 11 ft., and the sides are about 2 ins. 


thick. The weight of the boat is 36 tons, and it has a | earing power of 50 tons. 
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View of Boat after Launching. 


REINFORCED CONCRETI Boat, AMSTERDAM. 
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The boat is divided into three parts by cross partitions, the middle portion, 


which is 37 ft. long, being used for the cargo. 
The measurement of the floors and beams was calculated to resist the tensile 
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View of Boat in Course of Construction. 
REINFORCED CONCRETE BOAT, AMSTERDAM. 


stresses caused by launching and loading. АП round the boat a fender beam has 
been fixed. 

The concrete used consisted of 1 part Portland cement, 14 parts sand, and 1j parts 
gravel. 
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Memoranda and News Items are presented under this heading, with occasional editorial — 
comment. Authentic news will be welcome.—ED. 


The International Testing Association.—In further reference to our editorial 
remarks regarding the co-operation of professional men and those concerned in the 
great industries of Great Britain in the work of the International Testing Association, 
we publish below a revised list of the members of the various standing sub-com- 
mittees known as “ Problem Committees." 

This list indicates in the first place the problems in hand and the constitution of 
the committees, but at the same time it shows the lamentable paucity of the British 
co-operation. Unfortunately, too, of the few British delegates only quite a small 
proportion take that active interest that might be expected. They for the most 
part figure ornamentally on the committees. but avoid the hard work. It would be 
well if a radical change were made in this absence of co-operation and work on the 
“ Problem Committees ” before the next general meeting of the Association in 1912. 

The list is as follows : 


B. Hydraulic Cements, Stones, Concrete. 

PROBLEM 7.—On the relation of chemical composition to the weathering qualities of building 
stones. Influence of smoke, especially sulphurous acid, on building stones.—On the weathering 
qualities of roofing slates. (Proposed at the Zurich Congress, 1895.) 

Chairman of the Commission : A. Hanisch, Vienna. Vice-Chairman: P. Lariviére, Paris. 

Members : E. Dietrich, Berlin; J. Hirschwald, Berlin; M. Gary, Gr.-Lichterfelde ; E. Glinzer, 
Hamburg ; Н. Seipp, Kattowitz ; A. B. W. Kennedy, London ; A. Siemens, London ; E. Leduc, Paris ; 
H. L. J. Vogt, Christiania ; A. Greil, Vienna ; N. Lamine, St. Petersburg ; J. Maluga, St. Petersburg ; 
W. Ewald, St. Petersburg ; C. Dementieff, Kiew ; A. Wikander, Góteborg (Sweden) ; Grubenmann, 
Zurich ; G. Lunge, Zurich ; V. Wartha, Budapest ; M. Merrimann, South Bethlehem (Pa.). 


PROBLEM 50.—Оп the iaflueace of the composition of the mortar and the quality of the building 
stone on the weathering of the masonry. (Proposed at the Copenhagen Congress, 1909.) 
Chairman of the Committee » A. J. van der Kloes, Delft. * 
Members : van der Waller, Brielle; P. Joosting, Utrecht; G. Herfeldt, Andernach ; Adams, 
Berlin ; Eger, Berlin ; D. Hirschwald, Berlin; A. Hanisch, Vienna; А. E. Munby, London; J. Allen 
Howe, London ; E. Candlot, Paris; E. Leduc, Paris; Laboratoire méc. à l'Inst. des ingénieurs des 
voies de comm. (Repr. N. Belelubsky, D. Nowgorodsky), St. Petersburg. 
PROBLEM 9.—Oa rapid methods for determining the strength of hydraulic cements, (Proposed 
at the Zurich Congress, 1895.) 
Chairman of the Commission : F. Berger, Vienna. 
Members : E. Camerman, Brussels; D. Berg, Aalborg (Denmark); W. Michaélis, sen., Berlin ; 
F. Schott, Heidelberg ; J. A. Ewing, Cambridge ; E. Candlot, Paris; A. Mesnager, Paris; К. Feret, 
Boulogne s/M. ; L. Bienfait, Amsterdam; Morris, Christiania; A. Greil, Vienna; N. Belelubsky, St 
Petersbürg; N. Bogdanoft, St. Petersburg; Laboratoire de l'Ecole Imp. des Ingén. des voies de 
comm. (P. Welikhoff), Moscow ; A. Wikander, Góteborg (Sweden); D. v. Nagy, Budapest ; W. M, 
Maclay, Detroit, Mich. ; Ch. F. McKenna, New York. 
PROBLEM 10.—To digest and evaluate the resolutions of the conferences of 1884—1893, con- 
cerning the adhesive qualities of hydraulic cements. (Proposed at the Zurich Congress, 1595.) 
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PROBLEM 11.—To establish methods for testing puzzolanas with the object of determining their 
value for mortars. (Proposed at the Zurich Congress, 1895.) 

Chairman of the Commission : G. Herfeldt, Andernach. Vice-Chairman: C. Segré, Ancona. 

Members: E. Camerman, Brussels; C. van Bogaert, Antwerp; M. Gary, Gr.-Lichterfelde ; 
W. Michaelis, Berlin ; P. Wagner, Cologne; A. Mesnager, Paris; R. Feret, Boulogne s/M. ; J. А. van 
der Kloes, Delft (Hollande! ; D. v. Nagv, Budapest ; А. Czakó, Budapest ; А. Arlorio, Turin ; S. Cane- 
vazzi, Boulogne; C. Cattaneo, Ancona; Ceradini, Rome; G. Giorgis, Rome; C. Guidi, Turin; 
O. Rebuffat, Naples ; A. Greil, Vienna; H. Hillinger, Vienna; N. Bogdanoff, St. Petersburg ; W. Czar- 
nomsky, St. Petersburg ; E. Schwarz, Noworossisk ; А. Lundteigen, Union City (Mich.). 

PROBLEM 12.—Investigation on the behaviour of cements as to time of setting, and on the best 
method for determiniag the beginning and the duration of the process of setting with special reference 
to ball pressure tests. (Proposed at the Zurich Congress. 1895, enlarged in. conformity with the resolution 
of the Budapest Congress, 1901. Completed at the XXth Council's meeting, 1910.) 

PROBLEM 30.—Determination of tbe simplest method for tbe separation of the finest particles in 


Portland cement by liquid and air process. (Proposed at the Budapest Congress, 1901.) 
Chairman of the Commission : M. Gary, Gr.-Lichterfelde. 


Members г A. Dvckerhoff, Biberich o/Rh. ; Kelway C. Bamber, London ; W. J. Cooper, Penarth, 
South Wales ; C. W. Sharrock, West Thurrock ; A Mesnager, Paris ; R. Feret, Boulogne s/M. ; Hauens- 
child, Beocsin (Hongrie); Mavntz-Petersen, Copenhagen ; Eidgenössische Materialprüfungs-Anstalt 
(Laboratory for Testing Materials), Zurich ; Henry S. Spackman, Engineering Company, Philadelphia 
(Pa.) ; O. Blaese, Wesenburg (Russia). 

PROBLEM 31I.—On the b:haviour of cement in sea water. (a) Additional information to the 
reports presented at the Congress of Copenhagen, and information on the effect of sea water on 
Portiand cement sea structures of more than 25 years’ standing. (bL) Study of the effect of sea water 
on specially prepared cements. (Proposed at the Budapest Congress, 1901, completed at the Copenhagen 
Congress, 1609.) 

Referee to Problem (a) : E. Leduc, Paris. 

Committee (b): Chairman: E. Leduc, Paris. 

Members: M. Gary, Gr.-Lichterfelde ; F. Framm, Karlshorst; J. Bied, du Teil; A. Poulsen, 
Lemvig ; W. Czarnomsky, St. Petersburg ; B. Blount, London ; A. Bavkoff, St. Petersburg ; К. W. 
Leslev, Philadelphia (Pa.). 

PROBLEM 32.—On accelerated tests of the constancy of volume: of cements. (Decision of the Zurich 
Conuress, 1895.) 

PROBLEM 41.—lavestigations of reinforced concrete. (Proposed at the Brussels Congress, 1906.) 

Chairman of the Commission : F. Schule, Zurich. 

Vice-Chairmen : Germelmann, Berlin; А. N. Talbot, Urbana (Ill.). 

Members : W. Н. Warren, Sydney ; Paul Christophe, Brussels ; E. Suenson, Copenhagen ; T. Grut, 
Copenhagen ; Alf. Hüser, Oberkassel (Germanv) ; E. Züblin, Strassburg i. E. (Germanv) ; А. Martens, 
Gr.-Lichterfelde; Bürstenbinder, Hamburg ; А. Dyckerhoff, Amóneburg ; Edwin O. Sachs, London ; 
Max Clarke, London ; W. Dunn, London ; W. C. Unwin, London ; A. Considére, Paris; Rabut, Paris ; 
A. Mesnager, Paris ; R. Feret, Boulogne s/M. ; Tricon, Paris ; S. J. Rutgers, Rotterdam ; Silvio Cane- 
vazzi, Bologna; Camillo Guidi, Turin; Claudio Segré, Коше; R. Norwegien Road-Departement in 
Christiania ; J. Melan, Prague ; B. Kirsch, Vienna ; F. v. Emperger, Vienna ; V. Brausewetter, Vienna ; 
N. Belelubskv, St. Petersburg ; Droujinine, St. Petersburg ; Jitkewitsch, St. Petersburg ; Boguslawskv, 
St. Petersburg; Abramoff, Nowotscherkassk ; H. Hirszson, St. Petersburg; R. Maillart, Zurich ; 
Richard Zielinski, Budapest ; Josef Schustler, Budapest ; A. Czakó, Budapest ; E. Turneaure, Madison 
(Wisconsin) ; R. L. Humphrey, Philadelphia (Pa.). 

PROBLEM 42.—Uniform tests of hydraulic cements by prisms and determination of a standard 
sand. (Proposed at the Brussels Congress, 1906 ) 

Chairman of the Commisston : F. Schüle, Zurich. 

Members : Laboratoire des Ponts et Chaussées, Boulogne s/M. (R. Feret) ; Laboratoire des Ponts 
et Chaussées, Paris (А. Mesnager, Mercier) ; Laboratoire du Conservatoire des Arts et Métiers, Paris 
(Leduc); Kgl. Material-Prüfungsamt, Gr.-Lichterfelde (A. Martens, M. Gary); Laboratorium des 
Vereines deutscher Portland-Zementfabrikanten, Karlshorst bei Berlin (Framm); Eidgenössische 
Material-Prüfungsanstalt, Zurich (Schule) ; Laboratoire méc. de l'Institut Imp. des voies de comm., 
St. Petersburg (N. Belelubskv, D. Nowgorodsky) ; Mechanisch-technisches Laboratorium der tech- 
nischen Hochschule, Wien (B. Kirsch); Dänische Staatsprüfungsanstalt in Copenhagen (Mayntz- 
Petersen) ; Ecole d'applications pour les Ingénieurs, Bologna (S. Canevazzi) ; Laboratoire de l'Arsenal 
de l'Etat Belge, Malines (E. Camerman) ; Material-Prutungsanstalt von Bienfait & Koning, Amster- 
dam (L. Bienfait), R. L. Humphrey, Philadelphia (Pa.) ; D. v. Nagy, Budapest ; A. Czakó, Budapest ; 
C. Zielinskv, Budapest ; C. H. Desch, Glasgow ; H. Kelway C. Bamber, London ; R. T. Glazebrook 
(National Phvsical Laboratory), Teddington ; C. Watson, Greenhithe ; G. Pfeitfer, Bucarest ; R. Frev, 
Luterbach (Switzer ana' ; N. Abramoff, Nowotscherkassk. 
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Bridge at Great Boughton.—The Stokesley R.D.C. have instructed the survevor 
to prepare an estimate for a reinforced-concrete bridge and aMernatively for опе 
with stone piers and iron girders. 

Piles at Aberdeen Harbour Works.—Considére patent piles are being employed 
in connection with the scheme of new wharves in course of construction at the Aberdeen 
Harbour works. The piles are 56 ft. to 58 ft. long, 1 ft. 4 in. in diameter, and are 
driven through clay to a depth of about 50 ft. They are driven until thev stand 
seven blows of the hammer without penetrating more than 1 in. About 700 of thesc 
piles are being used in connection with this work. 


Newport Bridge. ther the existing 
bridge at Newport should be widened or whether a new bridge should be erected, 
the sub-Committee of the Newport Corporation in charge of this matter, at their 
last meeting, decided to recommend that a new bridge be erected on the site of thc 
present bridge, and to recommend that the new structure should be of reinforced 
concrete. 


A Reinforced Concrete Bandstand at Wiesbaden.— ^ bandstand recently built 
in the Kurhaus Gardens at Wiesbaden consists of a platform covered by an arched 
roof in the form of a semi-dome, the entire structure having been built of reinforced 
concrete in six weeks. The stand covers an area measuring about 47 ft. by 38 ft., 
and the semi-circular arch in front has the span of 4o ft. clear. One notable advantage 
secured by the material employed and the arched form adopted is the excellent acoustic 
effect, and it is stated that the carrying power of the instruments is particularly 
marked.— Engineer. 

The Action of Mine Water on Concrete.—The action of mine water on concrete 
has been under observation for some vears by Mr. R. D. Richardson, concrete engineer 
for the Coal Mining Department of the Delaware, Lackawanna & Western Railroad, 
and as a result he has concluded that dense concrete made with proper materials 
will not be affected bv mine water of the quality found around Scranton, Pa. This 
water, in the onlv analysis made, showed ] per cent. of sulphuric acid. It should be 
understood, however, that this conclusion is based on observations of concrete not 
subjected to abrasion, and might not apply, for instance, to the concrete in the inclined 
bottoms of coal pockets. The water analysed comes in contact with a reinforced concrete 
dam, and after three years of service the acid has had no deteriorating effccts. 
Mr. Richardson has immersed small blocks of dense concrete, having a piece of steel 
embedded in them, in mine water for fifteen months. When broken the metal was 
as bright as it was the day the blocks were made. Several instances have been noted 
of the destruction of concrete by mine water, but Mr. Richardson states that this was 
due to the porosity of the concrete and to the poor materials, slate and '' bony,” a flinty 
slaty rock, which were used. Slate and “ bony "' deteriorate rapidly under the action 
of mine water. The company has a number of concrete coal pockets which have not 
been emptied for a long time, and consequently it is not known how the abrasion 
combined with acid water is affecting the concrete, but the concrete appears to be in 
good condition.— Engineering Record. 


A Concrete Statue.— Above Eagle’s Nest, in the state of Illinois, a large statue 
has been erected in concrete in memory of Blackhawk, the famous Indian chief. The 
statue is 48 ft. high, exclusive of the artificial base or the natural rock foundation on 
which it is placed. It is claimed that this statue will probably last for ever, and it is 
a magnificent example of mechanical genius and engineering skill. 

Inspection of Concrete.—Tt is timc, says The Sanitary Record, that the gencral 
public became possessed of the idea that there is good and bad concrete. People 
should learn to distinguish the different grades of concrete. Just as there arc first 
and second classes of masonry, brickwork, woodwork, or steel construction, so there 
are different grades of concrete work. 

Too frequently people look upon concrete as concrete. and attribute qualities to 
it which in the particular instance it does not possess. Concrete does possess many 
excellent qualities, but careful, svstematic inspection is an absolute necessity. 

Concrete and reinforced concrete construction have proven their worth, and 
their wide usage is proof of their acceptance. The wharves on the sca coast, the 
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immense piers under railway bridges, the massive dams of hydro-electric plants, the 
irrigation dams and canals on the prairie, and the pavements and foundations of the 
cities all attest the merits of this material. 

Good cement, good sand, and good gravel will not make good concrete unless 
properly handled, and inspection is just as necessary in the handling of the material 
as in its selection. Yet inspection of concrete is not so difficult as the inspection of 
steel. Almost anv inspector of a concrete building can tell by looking at the concrete 
as it goes into the forms whether it is good or bad, and whether or not the specifications 
are being lived up to. There are certain simple requirements in the making of concrete, 
and, if these are attended to, the place or method matters little. 

It is in the execution of the work, however, that the inspector has to show greatest 
care, and, although the inexperienced workmen are growing less and less as more 
concrete is being executed, yet some workmen and contractors require constant 
watching. More failures of concrete have occurred traceable to inexperience than 
to any other cause. Forms are built incorrectly, insufficiently clean, and frequently 
no judgment is used in removing. 

Concrete Sewer Pipes for Folkestone Road Drainage Works.—In connection 
with the works of surface-water drainage shortly to be commenced here, a new 
industry has made its appearance in Dover—namcely, the manufacture of the rock- 
concrete tubes that will be required for these works. 

The manufacture of sewer pipes of concrete was first introduced into England in 
the vear 1875 bv Messrs. Sharp, Jones & Co., of Bourne Valley Pottery, Parkstone, 
Dorset, but sewer pipes of that material had been in successful use in the United 
States for over forty years previously. 

Their manufacture in England partook at first of the nature of the utilisation of 
a waste product—viz., the “ shards " from Messrs. Sharp, Jones & Co.'s extensive 
stoneware-pipe works. But the use of rock concrete tubes rapidly outgrew the 
limited supplies of this “ aggregate," and for many years past the tubes have 
been made from the exceptionally dense granite found in the Channel Islands, so 
well known as Guernsey granite. It is of this material, together with Portland 
cement, specially prepared for them on the Thames, that Messrs. Sharp, Jones & Co. 
are making the pipes to be used in Dover. The sizes range from 27 in. internal 
diameter up to 48 in., the rock-concrete tubes of the last-named size weighing nearly 
one ton each, and of these some 600 will be required. The new factory is well equipped 
with modern machinery and appliances, and the motive power required is drawn 
from the Corporation’s electric power mains. 

Although rock-concrete tubes are primarily intended for the construction of 
sewers and covering in of streams, they are, owing to their imperviousness to water, 
constantly made use of as well-linings and for tanks. They have also been used in 
Dover by the Royal engineers for sewer manholes, and for the same purpose at the 
new Duke of York’s Schools, and at Walmer and Canterbury, besides being used 
for sewers in various Kentish towns. 


CORRESPONDENCE. 

Coke Breeze Again,—Sir,—lIn an editorial with the above title, in the April 
number of CONCRETE, you say that it is as senscless to condemn an excellent material 
because in a few instances poor stuff has been used as it is to condemn reintorced 
concrete because the material is not invariablv properlv applied, апа you quote my 
remarks on this point in my paper read before the Concrete Institute in December. 

But you do not state—nor has any building paper, I bclieve—that in the dis- 
cussion that followed Sir Henry Tanner said he had used coke breeze for floors for 
the past twenty vears, and had received no complaints in connection there- 
with.— Yours faithfully, THOMAS POTTER. 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


TRADE NOTICES. 

The ‘‘ Tenet '' Reinforcing Bar.—Wc have received particulars of a new rein- 
forcing bar for concrete called “ The Tenet." This bar has shear members inclined at 
about 45 Or 50 degrees to the main rim of the bar and is so constructed that when 
built into the concrete it forms a complete truss. 
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A rigid bond is provided in the bends at the top and bottom of the shear members 
for the natural bonding of the concrete to the steel. The action of the inclined members 
is made positive with the main bar bv a locking device with the concrete between the 
loops at right angles to the main bar. This action with the main bar is further 
strengthened by a locking contact of the main tie, which renders the reinforcement 

rigid and complete. One “of the special advantages of this bar is that the shear and 
tension members are in one piece, and the steel in the former, being double, gives an 
excellent hold to the concrete. 

The inventor claims that, from the manner in which the shear members are 
formed with the main bar, it is impossible for any slipping of the bar in the concrete. 
For full particulars and illustrations of this bar apply to Mr. J. F. Cowper, of 23 Strutt 
Street, Manchester. 


The Perfector Buildings and Constructions, Ltd., inform us that 5 Coney Street, 
York, hitherto known as the northern offices of the Perfector Buildings and Construc- 
tions, Ltd., has now been taken by Mr. W. Harvey Brown, Architect and Consulting 
Structural Engineer, specialising in factory and school construction. Enquiries and 
correspondence intended for the Perfector ‘Co. should be addressed to the Registered 
Offices at 36-38 Victoria Street, Westminster, their engineering and construction 
offices, or to 1 St. Augustine’s Parade, Bristol, or sent to their local agents. 


CONTRACTS. 

Messrs. Stuarts Granolithic Co., Ltd., inform us that thc following contracts 
have recently been placed with them :— 

Large Silo Construction and Granaries at Immingham, for the Great Central Railway ; Carbisdale 
Castle, Ross-shire, for the Dowager Duchess of Sutherland; Brewery and Stores Extension at 
Glasgow and at Bristol, for Messrs. Whitbread ; Floors and Roofs for the New Criminal m 
Asylum at Rampton, for the Home Office; Extensive Retaining Walls and Buildings at Rosyth, N.B., 
for the Admiralty ; The Eye Hospital, Моше аш Seed Silos at Trafford Park, Manchester; Grain 
Silos at Barry, for Messrs. Rank ; New Hostel and Training College, Crewe, for the Cheshire Education 
Committee; New Secondary Schools at Bromsgrove, Worcestershire ; Additional Blocks of Buildings 
at Bordesley, Birmingham, for Н.М. Office of Works; Freemasons’ Hall, Edinburgh, etc., etc. 
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EDITORIAL NOTES. 


THE NEW LONDON DOCKS AND WAREHOUSES. 

HE Dock and Warehouse scheme of the London Port Authority, which is to 

| give the Metropolis the shipping facilities it has so long required, appears 

toYhave been admirably conceived, and if there is any one weak spot in 

the programme put forward, it is only to be found in the time-table of the proposed 

works, which, to our mind, should be greatlv accelerated. Not only do the actual 

requirements of to-day call for celerity, but we have to be prepared to meet the 

impending greater competition of Antwerp and Hamburg, and years—nay, 

months—will count if we are to be successful in making up the leeway of past 
years and in obtaining a lead for the future. 


THBIR PLANNING AND CONSTRUCTION. 

In one direction the proposed works of the London Port Authority especially 
interest us at the moment. We should like to see some memorandum issued 
as to the precise character of the warehouses and sheds to be erected, both as 
Tegards plan and construction. Such enormous strides have been made of late 
years—more particularly at Hamburg—in efficient warehouse building that we 
would welcome some indication of a change from the old style of warehouse we 
know to something more effective and safe. As to safety in particular, the 
greatest possible forethought is necessary, for not only does a reduced absence of 
fire risk tend to popularise a port, but it often brings with it a material reduction 
їп fire insurance premiums, a matter of no small importance in these days where 
а saving of pence may bring, or divert, thousands of tons of merchandise. 


THEIR FIRE-RBSISTANCE. 

The new warehouses and sheds should be most carefully planned with the view 
of limiting the risk of an outbreak of fire spreading over the least possible area, 
and the construction should be such that it is trulv fire-resisting, and not 

* fire-proof "' only in name. Concrete, steel frame well protected bv concrete, 
and reinforced concrete if so designed as to fully meet the fire risk, are all 
Materials and systems of construction that should find favour in the new ware- 
houses and sheds, and a word of warning should here be immediately said— 
namely, that if metal work is not properly protected by concrete, or by brick 

edded in cement, the stecl framing or steel rods are a source of danger. 

We have seen reinforced concrete warehouses at Brussels where the metal 
rods had but a cov ering of ! in., and were practically visible. We have noticed 
reinforced concrete “ entrepôts " at Antwerp with a uniform protection of but 
4M. to 2 іп, to the metal rods. We have before us particulars of fires in ware- 
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houses at Marseilles and Alexandria, where reinforced concrete played a consider- 
able part, but unfortunately not a very successful one owing to the absence of 
elementary precautions. 

On the other hand, we have seen excellent warehouse work at Berlin and 
Hamburg, where the reinforced concrete in every way meets modern fire require- 
ments, and have before us particulars of several fires where reinforced concrete 
‘of good design and execution afforded an excellent fire-stop. 

Thus, with such lessons before us, we would press for special forethought 
in the selection of materials and systems of construction in the new warehouses 
and sheds of the Port Authority, so that good materials may not be discredited 
by unsuitable application or unsatisfactory materials applied without due protec- 
tion. On the fire hazard of the new London docks and sheds much will depend 
economically, and we are advised that a reminder in this direction may not be 
out of place. 

CONCRETE AND FIRE-RESISTANCE. 
SINCE the institution of this journal we have frequently had occasion to point 
out the advantages of using concrete where fire protection is desired. We have 
now before us some tables issued by the British Fire Prevention Committee 
in which the results are given of the official fire tests conducted by the Committee 
in respect of some twenty-eight floors, and no better testimony could be afforded 
to the utility of concrete as a fire-protective material. 

The tables, it should be said, form part of a series which the Committee are 
preparing with a view to summarising the results of various forms of official fire 
tests that have taken place at their testing station during the past twelve vears, 
and we look forward to seeing the tables that are about to be issued regarding 
partitions, for we recollect that a number were constructed either in part or 
wholly of concrete. 

The committee’s ‘ Red Books " dealing with individual partitions, just as 
their “ Red Books" dealing with individual floors, are no doubt of the highest 
value, and in each case give full particulars of the occurrences during a fire test, 
supplemented by drawings and photographs. The tables that we have before 
us, however, now afford the best material for arriving at a prompt and definite 
conclusion as to the relative merits of different materials and methods of con- 
struction, and it is matter for congratulation that the labour and expense of 
publishing the results of so many years of inquiry should have been incurred 
so that these valuable data may now be so easily referred to. 


THE RESULTS OF TWENTY-EIGHT FLOOR TESTS. 

Of the twenty-eight floors tabulated, four are purely timber floors, and these 
do not particularly concern us, although it should be remarked that the hard 
woods such as oak, karri and jarrah afford considerable protection. Several 
floors are composite timber and concrete construction, Here the advantages of 
concrete for the purposes of pugging are manifest, particularly in one case where 
the pugging has been taken down to 2 in. below the timber joist, thus affording 
a protection to the wood. 

Turning to floors of steel frame and concrete we find most excellent results, 
notably in the cases where concrete has been taken around the steel framing to 
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{һе extent of 2 in. In fact, 2 in. seems to be the practical minimum of protection 
that should be accorded to steel framing where fire protection is desired. 

The concrete floors dealt with in the report, be they of the Expanded Metal 
tvpe, the old Columbian type, or of the Skelton tvpe, are infinitely more superior, 
more simple and more economical than anything else brought forward from the fire 
point of view, and the reinforced concrete floors tested—namely, those of the Coignet 
tvpe and the Indented Bar type—each make most excellent showing. Only in 
two instances, to which we have referred in an earlier issue, did reinforced concrete 
not come up to what is expected of it, and this was purely owing to the absence 
of affording proper protection to the metalwork. Опе of these cases was that of 
the Visintini hollow floor, with only a half-inch to three-quarter inch cover to the 
rods and where the protection thus afforded to the metalwork was entirely 
inadequate, and a collapse resulted, but the lesson taught by this particular 
floor was learned not only at home but also abroad, and it is unlikely that such 
errors will be repeated except by those grossly ignorant or negligent. 

Altogether, nothing could have been more timely, particularly with the 
fires in the reinforced concrete warehouses at Marseilles апа Alexandria, than 
the issue of these tabular results, and should arguments ever be raised that 
reinforced concrete is unsuitable from a fire-protective point of view there is 
no doubt that these tables clearly bear out that, if sufficient protection is afforded 
to the metalwork, and suitable aggregates are carefully applied, no better form 
of protection can be desired from the fire point of view. 


REINFORCED CONCRETE AS A SAFEGUARD IN MINES. 


Tuis journal has frequently dealt with the advantages of using reinforced concrete 
in mines, and more particularly in mines subiect to the danger of fire and explo- 
sion, such as coal mines. The introduction of reinforced concrete was advocated 
by us as far back as 1906, and at that time our critics considered our views all 
too ex parte and premature. Gradually, however, professional opinion has com- 
menced to favour the new material. In the United States, in Germany, and in 
France its introduction has made some progress, and with the sad mine disaster 
of last year the compulsory use of the material in new works is under 
consideration. | 

The Home Office Enquiry on the Pretoria Pit disaster shows us that Mr. 
R. A. Redmayne, M.Sc., the Chief Inspector of Mines, has not lost sight of the 
matter, and a question of his addressed to Professor Galloway claims attention, 
having regard to the reply of the last-named eminent authority. We thus 
reproduce question and answer, and would again call the attention of our readers 
to the advantages of reinforced concrete in coal mines. 

Mr. Redmayne: In view of possible precautions in respect to coal dust— 
as you know, we are feeling our way in the matter—the question of zones is very 
properly occupying the minds of mining men. I would very much like to have 
your views on that point, first of all as to the possibleness of zones of different 
kinds, such as swept zones, damp zones, or zones of adulteration by stone dust, 
and the use of reinforced concrete or arching where you place these zones. What 
I have in my mind is a means of preventing a possibly small and comparatively 
harmless condition of fire damp at the face becoming an extensive explosion. 
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Professor Galloway: Well, undoubtedly, if zones were long enough they 
would prevent the spread of an explosion, but it has not yet been shown experi- 
mentally what length the zone would require to be. In comparatively small 
experiments at Altofts a zone of 50 ft. appears to have been appreciable. It 
depends very greatly on the distance the explosion has already travelled, and 
on the force behind it. The only places where the zones could be comparatively 
short would be near the face. 


STORAGE OF CEMENT. 

Ir is not generally recognised how quickly the finely-ground cements of to-day 
are depreciated by storage of the ordinary kind on works. Cement is usually 
received on a job packed in sacks, and is very often obtained in large consign- 
ments, and has to be stored on the works. Sheds are provided, generally of 
flimsy construction, which offer plenty of opportunity for the passage of air 
through them, being built, for instance, of boards, the joints of which are fairly 
open. The moist air that passes through the storage sheds gets taken up rapidly 
by the finely-ground cement, which cakes, and one finds after a short while the 
outside portions of the sacks to be quite hard. This is often aggravated on 
works near any water-logged soil, or in connection with bridges, the covering over 
of a stream with a culvert and such-like, by the erection of a shed with boards 
nailed to upright posts just stuck in the ground and without any proper floor, 
the cement being merely stacked on open boards laid direct on the ground. In 
some cases the cement has been stored for the winter їп such situations. Of 
course, there is every opportunity of moist air being in association with the 
cement, which naturally depreciates with great rapidity, and in a week or two 
loses half or more of its strength. 

The old clause which was inserted in specifications in the past, requiring 
the cement to be stored in thin layers and turned over from time to time, was 
distinctly advantageous with the coarsely-ground cement which was the custom 
in the earlier period of manufacture, and which frequently contained free lime, but 
the cement of to-day 15 entirely different, and it requires a different treatment. 
The finer ground a cement 15, of course, the better it is, and therefore we see the 
foolishness of storing the modern cement for some time before usage. If, as often 
must be the case, the cement is to be takenin large consignments, then it should 
be stored in air-tight bins—that is to say, compartments into which moist air is 
not permitted to pass; but in most cases it is possible to arrange the consign- 
ment so that the cement is used while fresh, very shortly after it is received from 
the manufacturer. The product sent out by the manufacturer is good enough 
for use straight away. 

We require the cement to give us a strong concrete—that 1s to say, strong in 
compression—and, as we have said, the storage for a few weeks can only result in 
reducing the strength of the concrete to perhaps a half, and that means that we 
are losing 50 per cent. of value. The importance, therefore, of speedy usage 
or proper air-tight storage of cement 1s obvious. 


REINFORCED CONCRETE FOR THE BUENOS AIRES PORT EXTENSION. 
WE desire to congratulate Messrs. Edmond Coignet, Ltd., and their able officers, 
Messrs. Workman and Béhar, on the magnificent contract for reinforced concrete 
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obtained by them under the general contract entered into by Messrs. С. Н. Walker 
& Co., Ltd., for the Argentine Government. 

To be precise, a decree was signed at the end of April by the Argentine Govern- 
ment awarding the contract for the New Port Works, Buenos Aires, to Messrs. 
C. H. Walker & Co., Ltd., engineers and contractors of London, the total amount 
of the contract being about £5,500,000. The work involves the reclamation of 
over a million square yards of land, the construction of four new docks, with 
quays extending for over 5,000 lineal yards, and warehouses covering about 
100 acres of floor space. The engineers for the general scheme are Messrs. Livesey, 
son & Henderson. 

.In order to give an idea of the importance of the reinforced concrete portion 
of the work, we may state that it is anticipated that about 154,000 cu. metres 
of concrete will be required, and no less than about 19,000 tons of steel. The 
total scheme includes 14 large warehouses, 20 sheds, 80 subways, uniting the 
various warehouses and sheds, and a certain number of large grain silos. 

This is probably the largest contract ever secured in reinforced concrete. 

The reinforced concrete scheme was prepared by Messrs. Edmond Coignet, 
Ltd., of London, and the buildings are to be executed entirely in this material, 
including walls, roofs, staircases, and loading platforms. 

The following are some details of the various structures which are to be 
executed on the Coignet system : 

(a) There are to be six warehouses 126:20 metres in length by 36:20 metres 
in width. Facing these, two transit sheds have been provided for each 
warehouse, there being a total of twelve sheds in all, having a length of 
Io8: 1o metres by a width of 29:9 metres each. 

(b) In addition to the above buildings the scheme provides for eight ware- 
houses of a length of 108-10 metres and a width of 21 metres, and each of these 


warehouses has an adjoining shed of the same dimensions as the other twelve 
sheds mentioned above. 

(c) The various warchouses and transit sheds are to be united by under- 
ground passages entirely in reinforced concrete. The total length of these 
passages will be approximately 1} mile. 

(d) The first-mentioned warehouses are composed of a ground floor, with 
basement, first, second, and third floors, and a flat roof. 


(e) The sheds are composed of a basement, ground floor, first floor, and flat 
roof. 


(7) The basements of the various buildings are formed by retaining walls in 
reinforced concrete. 


(g) In addition to the transit sheds and warehouses, the scheme provides 
for two transit silos having a total storage capacity of approximately 20,000 tons 
of grain. Each silo is to be divided up into a certain number of storage bins. 
The above describes the scheme as tendered for by Messrs. C. H. Walker 

& Co., Ltd., but the Government reserve to themselves the right to make any 
modifications that they may find advisable. 


LOAN PERIODS FOR REINFORCED CONCRETE WORK. 
WE have often referred to the unfair treatment reinforced concrete receives at 
the hands of the Local Government Board when municipal authorities apply 
forloans. It therefore affords us some pleasure to be able to state that a 30 years’ 
loan period has just been granted for some new lavatories and a shelter, which 
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REINFORCED CONCRETE BRIDGES. CONCRETE: 


have been designed for the Bridlington Corporation by Mr. Ernest R. Matthews, 
Assoc.M.Inst.C.E., the borough engineer of that locality. The reinforced con- 
crete in question amounts to a value of about £700, and comorisss retaining 
walls, roofs, and steps. We are informed that this is reinforced concrete proper, 
as distinct from steel framing and concrete, and if this is so we beli2ve this must 
be one of the first cases, if not the very first, in which reinforced concrete work 
has been accorded the full 30 years’ loan period generally given on other 
materials. The matter is certainly one for congratulation, as it affords a pre- 
cedent, and may assist in bringing to an end th? extraordinary treatment rein- 
forced concrete has had up to the present at the hands of the Local Government 
Board. 
REINFORCED CONCRETE BRIDGES OVER THE THAMES. 

In our issue of December, тото, We called the attention of the Corporation of the 
City of London to the claims of reinforced concrete when considering the design 
for their new bridge over the Thames. The question of constructing several 
bridges over the river 15 now having attention, and we would, as in the case of 
the Corporation, also remind the London County Council of the advantages 
of the new material. 

What holds good for the River Thames applies to quite a number of other 
rivers in the United Kingdom, and we can only mention that, even for bridges 
of considerable span, reinforced concrete has been found eminently prefer- 
able and economical on the continent of Europe and in North and South America. 
Mere conservatism should not limit the question of bridge design to steel frame 
or to masonry. Reinforced concrete has proved itself highly efficient, and 
the reduction in maintenance charges by the use of this material should be 
remembered. 

Reference to former issues will show excellent examples of reinforced 
concrete bridge-work, and in the current number some further illustrations of 
structures of this description are again presented. 
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CONCRETE CONSTRUCTION 
IN. “THE 


PANAMA CANAL. 
II. 


By JOHN GEO. LEIGH. 


The construction of íhe Panama Canal ís certainly one of fhe greatest engineering 
feats ever accomplished, and we feel sure that an account of the concrete work in this 
great undertaking will interest our readers. We are therefore devoting three articles to it, 
and the third instalment will appear in our July number.—ED, 


Concrete Handling at the Pacific Locks.—The plant used for placing 
concrete in the two flights of locks on the Pacific slope differs essentially from 
that in operation at Gatun, and consists primarily of eight cantilever cranes 
of two types, designated respectively, berm and chamber cranes. The high and 
unstable banks flanking the Pedro Miguel site made it necessary to develop the 
handling plant in a longitudinal direction, by placing storage trestles and mixing 
machines in the lock forebav, and introducing a narrow-gauge railway for trans- 
porting the mixed concrete to the placing, or chamber, cranes installed in the 
lock-chambers themselves. 

At Miraflores, however, the operation is considerably simplified, as the 
nature of the ground permits of the placing of the storage piles and mixing machines 
on both sides of the lock pit and of the consequent disuse of any transporting 
railway. The lay-out of the plant in each case will be found clearly indicated in 
Figs. II and 12. In the Miraflores plan, it should be noted, the distances east 
and west of the locks have been slightly exaggerated in comparison with the 
longitudinal scale, with a view to the avoidance of possible confusion between 
the lay-out details and the future dams. 

Berm Cranes at Pedro Miguel.—The Berm cranes (see Fig. 13) are equipped 
with double fixed cantilevers, 150 ft. long, and are 62 ft. 6 in. high from the top 
of the rails to the bottom of the cantilever, and 9o ft. high to the top of the 
machinery house. The towers carrying the cantilever arms are 40 ft. by 50 ft., 
supported by two box girders, each carried on 16 axles. The truss in the upper 
part of the tower supports the operating machinery, the house enclosing it, and, 
in conjunction with the cantilever arms, the underhung trolley rails used for 
conveying the sand and crushed rock. There are two trolleys to each crane, 
each carrying a 2} cu. yd. excavating bucket of the clamshell type, which supplies 
sand and crushed rock from the storage piles extending along each side of the 
forebay directly beneath the outer ends of the cantilever arms. Each trolley has 
a rated capacity per hour of 50 cu. yd. of sand and roo cu. yd. of crushed rocs 
delivered to the bins. In each tower are four bins—two for sand and two for 
crushed rock, each of 15 cu. yd. capacity, and so arranged that the buckets wil 
discharge from them without overlapping in their travel. 
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Beneath the rock and sand bins is a housed-in 


Eco platform, where the bags of cement are opened and 


} emptied into hoppers. The cement is transferred 


from box cars to the platform by means of an 
elevator and conveyor at the rate of 800 bags an 
hour. The elevator is operated on a set of cogs in 
conjunction with the conveyor, and is fitted with 
lifts about 3 ft. apart, each capable of holding two 
bags. When the bags reach the floor of the platform, 
they are dropped on the conveyor for transportation 
to bins on the opposite side ; and in course of transit 
two men sever the strings and place the bags ina 
position convenient for ready handling by the men 
who empty them. 

The measuring hoppers, which supply the concrete 
mixers, are placed directly below the cement plat- 
form. Each contains three compartments — for 
sand, crushed rock, and cement respectively—into 
which chutes lead from the storage receptacles 
above. In the tower bases are two cube concrete 
mixers, each of 2 yd. capacity, which discharge 
into 2 cu. yd. buckets carried, two on each car, 
on narrow flat cars. The operators on the mixer 
platforms control the discharges by means of com- 
pressed air, and also work the chute doors which 
admit the raw material into the mixers from the 
measuring hoppers. Water is fed into the mixers 
from automatic measuring tanks installed in the 
towers; and, in one of the cranes, an instrument, 
operated by electric contact, records the time con- 
sumed in each mixing operation, and also that 
occupied in dumping into the concrete buckets. 
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LAYOUT oF CONCRETE HANDLING PLANT FOR PEDRO MIGUEL Lock, 
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Cement Track. 


. Sand'and Rock Storage Trestle. 
Fic. 11. 


Chamber Cranes.— Ге chamber cranes (Fig. 13) 
were mainly designed to place the concrete in the lock 
walls ; but are also used extensively in transferring 
the wood and steel forms from one point to another. 
Each crane is 97 ft. 6 in. high from the top of the rail 
to the bottom of the cantilever, and 115 ft. high to 
the top of the machinery house. The tower measures 
56 ft. by 46 ft., and is supported by four heavy 
trucks which travel on rails extending through the 
lock chambers. There are two cantilever arms to 
each tower — one extended towards the centre wall 
with a length of 53ft. 6in., and the other, 81 ft. 6 in. 
long, passing over the side wall. These arms, 
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together with the tower trusses, support a continuous runway of rails 
IQI ft. long. 

The buckets handled by these cranes are of the double-leaf drop-bottom 
type, and have a capacity of 2 cu. yd. each. The four chamber cranes which 
have been in operation at Pedro Miguel were designed to pick up the buckets, 
deliver them to the lock wall, dump their contents, and deliver the empties to the 
cars at a combined average rate of 320 cu. yd. of concrete an hour. 


Crane Arrangement at Miraflores. —Owing to the progress of work at the 
Pedro Miguel locks, it has been found possible to dismantle two of the cranes 


[тоня 
7 


t 
Nd 
\ 
uN 
To 
e 
“, 


"ТЕШ ТТЕП ТТТ РТУ НҮН ИН ИП 
(cs cw qui еб SR ee ® тр. ЕА ng 


д = Lo ەه مە‎ PL 4 4 


AU 

А 

— х 

g^ 
% 


e 


ex ADT ПШ ШШЩЩ unm 
^ us 27 po ~ ^ Ad ж GER 
Aw 2 ~~ ' y 


(ШИ 
7 ومد‎ 


"ж 


- K ; 
ШШШ a MM LU 
هف‎ 


س 
ee bo‏ : 
a aay |‏ 
UU‏ 
E MIT Teh‏ > 


500° 
CHANNEL ` 


2 


Pr щш 
| Сосо! на 


SECTION K.K, 


Hydraulic Fill 

Protection Pier (Rock Fill) 
Paved with Concrete (1:1 Slope) 
Cement Track 

Crane Tracks 


A. East Dam (concrete) 

B. Rock Toe of West Dam 
C. Concrete Core Wall 

^» Rock Fill 


Been om 


. Ripras 
Fic. 12. MIRAFLORES Locks, DAMS, AND CONCRETE HANDLING PLANT. 


which have been employed there, and to re-erect them with modifications for 
Service at Miraflores. Here the chamber cranes continue to perform the functions 
already described, but in the case of the berm cranes the position and method of 
Operation are altogether different. Each crane of the Miraflores type (see Fig. 
I5) has a single cantilever arm extending over the storage pile, the place 
of the Other arm, on the side nearest the locks, being taken by a swinging boom, 
Uu ft. in length, so hung that it may be operated under full load in a horizontal 
position ; in a position inclined 15° below the horizontal, or in a position inclined 
10 above the horizontal, the last-mentioned being required for filling the top 
courses, or lifts, of the lock walls. This boom may be raised and lowered to provide 
с ёагапсе іп passing the chamber cranes, and can be made to swing through а 
sos d arc either side of the centre, so that the other end has a movement of 
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The operation of the cranes along the banks of the lock dispenses with the 
transportation system necessary at Pedro Miguel ; one excavating bucket operated 
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Fic. 14. MIRAFLORES UPPER Locks. 
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on the cantilever supplies sand and rock, while the boom carries a trolley equipped 
with a 64 cu. ft. concrete bucket, into which the concrete is dumped direct from 
the mixers. 

Sand and Rock Supplies.—All stone required for the concrete work of the 
Pacific division is quarried from and crushed at Ancon Hill, situated between 
the city of Panama and Balboa. 
The sand needed is obtained from 
Point Chamé, 20 miles up the 
coast from Panama, and, after 
being towed to Balboa, is trans- 
ported from barges to cars by 
rapid unloaders, for rail carriage 
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the material and washing it to 
sumps by means of water jets 
driven through monitors at high 
pressure, and lifting and con- 
veying it through flumes by 
means of dredging pumps. As 
the latter will have to be moved 
from time to time, floating supportsof light draught are required, and to serve this 
purpose reinforced concrete barges were selected asmost economical, seeing that they 
could be built on the spot, at a cost very much less than steel, and only slightly 
in excess of wooden barges, while the expense of maintenance is practically nil. 
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The experiment is doubly interesting by reason of the fact that this is the 
first recorded attempt to adapt concrete-built barges to Transatlantic engineering, 
though such barges—flat-bottomed and with a rake at both ends—are extensively 
used on several American rivers. 

Method of Construction of Barges.—Each of the three barges built at Mira- 
flores (Figs. 16 to 19) is 64 ft. long, 24 ft. wide, and 5 ft. 8 in. in depth, the hulls 
being divided into three compartments by longitudinal bulkheads spaced 8 ft. 
on centres. The gunwales, bulkheads, and bottom are tied together and stiffened 
by lateral frames at intervals of ro ft. The deck has a sheer of 4 in. and is 
crowned r in. The gunwales and bottom are reinforced—in the case of No. I 
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Fic. 16. INTERIOR OF REINFORCED CONCRETE BARGE IN COURSE OF CONSTRUCTION. 


barge—with j-in. mesh, No. 12 wire cloth, attached to }-in. square corrugated 
bars, spaced g in. longitudinally, and 12 in. crosswise. The frames are knee- 
braced and reinforced, as shown in Figs. 18 and то; while the decks consist cf 
concrete slabs, 3} in. thick, having spans of ro ft. in length and 8 ft. in width, 
reinforced with j-in. rods. both longitudinally and transversely. 

In construction, the wire cloth reinforcement of the bottom, sides and rakes 
was placed on cribbing of sufficient height, and so arranged as to permit working 
underneath the bottom. The rods, previously bent to the proper shape, were 
then securely wired to the mesh. This formed the skeleton of the barge, and the 
whole was plastered with hydraulic cement mortar to which had been added 
25 per cent. of lime. The plaster was laid on the outside of the wire mesh in two 
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coats aggregating } in. in thickness, and the inside was then plastered thick 
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7. VIEW SHOWING ONE REINFORCED CONCRETE BARGE LAUNCHED AND ONE DuRING CONSTRUCTION. 


Fic. 1 


enough to cover the reinforcing 
rods, the result being a slab 
about 23 in. thick. The plaster 
was rubbed down to a hard, 
smooth surface, especially on 
the outside. 


Upon the completion of the 
Shell, the reinforcement and 
forms were placed for the bulk- 
heads and cross frames, the 
reinforcement — being securely 
attached to the shell by wires 
and 1-in. hooked rods previously 
inserted in the shell for this 
purpose. The frames and bulk- 
heads were then filled with con. 
crete to the bottom of the deck 
slab, and, finally the latter was 
placed in the usual manner and 
given a trowel finish. Wooden 
forms were used throughout, 
the interior form work being 
built in collapsible sections, for 
ready removal as the operations 
advanced. 


Draught and Weight.— 
The dredging plant, motor, and 
equipment, weighing about 
60,000 Ib., is placed near the 
middle of the vessel, and adds 
3 in. to the 3 ft. draught of 
No. 1 barge. This was launched 
on April 20th, 1910, twelve days 
after completion, and a lesser 
period after the appearance of 
five or six cracks on the bottom 
and one in the gunwale. Several 
of these seemed to extend 
through the slab, and leaked 
slightly when the barge, for pur- 
pose of testing, was partly filled 
with water. The cracks were 
cut out and plastered, and no 
leaks have since developed. 


The weight of the concrete, including the plaster, was"assumed at 150 Ib. 
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per cu. ft., and the actual weight of the steel taken, for computing the theo- 
retical displacement. The draught of the first barge, however, is greater than 
that computed by slightly over 3 in. The reason, so far as the writer is at present 
informed, has not been ascertained ; but, as regards the barges built later, careful 
records have been kept of the dimensions and materials used in order to secure more 
accurate data for computing the displacement. In the second and third barges, 
the amount of reinforcing material is somewhat less than in the first —1-in. mesh 
No. I2 wire cloth being used instead of І in., with consequent reduction of aggregate 
weight and draught of water. 

It is believed that for purely commercial or transportation purposes the 
designs of the barges here described might be so modified as to lighten them 
materially. A fourth concrete barge, to be used for dredging and general purposes 
about the harbour, is at present under construction at the Balboa shipyard ; and 
this will be followed by the building of reinforced concrete dump scows larger 
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Fic. 18. REINFORCED CONCRETE BARGE. 


than any yet designed, which, it is thought, will be found the most economical 
type for service not only during the remaining stages of Canal construction, but 
also for maintenance after the opening of the highway. 

Setting Temperatures.— Interesting data concerning the setting tempera- 
ture of concrete in large masses should attend the tests inaugurated at Gatun 
locks. At points in the centre and side walls, indicated in Fig. 20, thermometers 
were embedded as the concrete reached the successive heights, and after comple- 
tion of all the connections and calibration by comparison with twelve mercury 
thermometers in an oil bath. The thermometers are simply fine wires of high 
resistance, wound into spirals, in water-tight glass tubes, protected by steel 
casing, and are connected by a lead-covered copper cable with a galvanometer 
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Fic. 19. SECTIONS AND SIDE ELEVATION OF REINFORCED CONCRETE BARGE. 
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placed in the office of the resident 
engineer, This galvanometer is grad- 
uated in centigrade degrees, and 
arranged for seven different circuits or 
thermometers. Each of the latter is 
controlled by means of a push switch, 
so arranged that when one of the 
switches is closed all the others are 
opened ; thus the possibility is avoided 
of two or more thermometers being 
thrown on to the recording instrument 
at the same time. A standard resist- 
ance is connected to the galvanometer 
by a testing switch; and a resistance 
to adjust the galvanometer to a full- 
scale deflection and an adjustment for 
setting the needle at zero are also 
provided. The electric current for the 
instrument is supplied from two 
storage cells, the electro-motive power 
of which is practically two volts each. 

The principle of the thermometer 
depends on the rise of resistance due 
to rise of temperature. As the 
temperature of each element rises, due 
to the setting of the concrete, its 
resistance rises, and the galvanometer 
is graduated in degrees corresponding 
to the temperature of the thermo- 
meter. The frequency with which the 
temperature is taken is determined by 
the rate of change from time to time. 
The results are plotted with time as 
the abscissa and temperature as the 
ordinate, and in this manner a com- 
plete graphical record of the hardening 
and cooling of the concrete will be 
obtained. In the curves comprising 
Fig. 21 are shown the variations of 
temperature at several points of the 
lock wall monoliths during the early 
stages of setting. 

Effect of Salt Water.—Experi- 
ments are also being made to determine 
the effect of salt water on the concrete 
of the lower sea-level locks and the 
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Fic. 20. POSITION OF THERMOMETERS IN CONCRETE 
WALLS, Gatun Lock. 


guide walls leading into 
them. To this end six slabs 
of concrete similar to that 
used in the lock masonry, 
and about a yard square, 
have been prepared and 
placed in the water simul- 
taneously at spots adjacent 
to the sites of the lower 
guide walls at Gatun and 


Miraflores. Two of the blocks have been left untreated ; two others have been 
treated with sodium silicate in the form of soluble glass in solutions of different 
strength; while the remainder have been subjected to Sylvester’s process 
with alum and soap—} Ib. of soap to 1 gallon of water being applied hot for the 
first wash, followed, 24 hours later, by a solution of alum, 2 oz. to the gallon, 
applied cold. One of each pair of slabs has been given a double coat, and the . 


other two double coats, of the respective washes. 


The blocks will remain immersed until the guide walls are erected, and it 
becomes necessary to decide whether or not these should be treated to resist 


salt water. 


At Miraflores about I 


„400,000 sq. ft. of surface will be exposed to 


the action of salt water, and at Gatun about 1,270,000 sq. ft. 

5о far as present knowledge on the subject goes, and always assuming that 
a good close finish is made, so as to prevent water getting into the pores of the 
concrete, there seems little reason for anticipating difficulty. As a matter of 
fact, there are now lying on the beach at Colon blocks of concrete made by the 
French about thirty years ago for protecting the sea-front of Cristobal, which, 
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RECORD CURVES SHOWING CONCRETE SETTING TEMPERATURES, 


notwithstanding their long exposure to the action of salt water, show but small 


evidences of deterioration. 
admixture of fresh water fror 


flores flights will usually tend to be brackish. 


It must also be remembered that, owing to the 
n the locks, the water below the Gatun and Mira- 
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By A. C. DAVIS, Е.С.5., 
Assoc.Inst.C.E. 


It affords us considerable pleasure to note that the Cambridge University has arrangea 
some lectures dealing with Portland cement, and by the ene of the lecturer, Mr. A. С. 
Davis, we are presenting some of his principal discourses. —ED. 


In, regard to the testing of Portland cement, I think I am right in saying that of 
all the materials of construction subject to a system of testing, Portland cement is 
probably the most dependent on the judgment and skill of the tester, and with all the 
well-equipped laboratories and apparatus it is still impossible to remove the most 
important factor of personal equation. 

In order to obtain the knowledge usually sought for as to the qualities of cements 
to be used, it is first necessary that the samples which are taken for investigation 
should represent the whole quantity of the bulk. Therefore, as soon as the cement 
has been bulked, either at the manufacturer’s works, or on the works in connection 
with which the material is to be used, samples are generally taken from each parcel 
of cement, and are so distributed as to give as far as possible a fair average sample 
of the whole parcel. When all these samples are mixed together the parcel for testing 
can be taken therefrom, and the material is then generally tested in accordance with 
the terms of the British Standard Specification. 

Now the requirements of this specification arrange that the cement shall be 
tested for: 

1. Fineness of grinding ; 

2. Specific gravity ; 

3. Chemical composition ; 

4. Tensile strength (neat cement) ; 

5. Tensile strength (cement and sand) ; 

6. Setting time ; and 

7. Soundness. 

Personally I would revise the order in which these tests stand in examining a 
sample of cement, and I think it would be preferable to take each test as it would 
naturally occur in practice—namely : 

TESTS FOR FINENESS. 

The first inquiry the cement user makes as to the quality of the material under 
notice takes the form of a test for fineness ; thus in passing through the manufacturer's 
stores, or when the first bag 15 opened on the contractor's works, the cement is 
mechanically and half-unconsciously passed through the fingers in order to ascertain 
the fineness. The coarse particles in a cement can thus be readily perceived, and the 
practiced tester is, in this way, able to gauge approximately the residue present in 
the sample. 

For the past three or four years there has been a growing desire on the part of 
engineers for a much finer cement, and it may be said that the principle of fine grinding 
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is now in the ascendancy—an improvement in the manufacture greatly in favour 
of the consumer both as regards economy in use and reliability in result. Too much 
attention cannot be paid to fineness of grinding, for the finer the cement the more 
intimately can it be incorporated with the aggrcgate used for the concrete, and 
therefore the stronger will be the work. 

The test for fineness, therefore, derives importance from the fact that, other 
qualities being equal, fine cement has a much greater sand or aggregate-carrying 
capacity than coarse cement has ; that is, it will show an increased strength with the 
same charge of sand, or equal strength with a greater charge. 

Now, Portland cement, as delivered by the manufacturer, consists of a mixture 
of coarse and fine particles, respectively known as “ residue " and "flour." The 
residue is the coarsely ground clinker left on the fine sieves which are used for testing. 
and the value of the flour in a cement is, that the very fine particles are believed to 
contain principally, if not whollv, the cementitious property of the material. I would 
not go so far as some authorities by stating that residue is practically inert, or even 
possibly so much adulteration. It is found to be a cement that is generally the hard2st 
and best burned materials that have not been reduced in the process of grinding, and 
therefore only sufficiently fine for the water added in use to attack the surface of the 
particles, the interior of which remains inactive. 

It is very commonly stated, for instance, that the larger particles of cement 
clinker in the manufactured product are of no greater value than grains of sand. 
This opinion is deemed fallacious in principle, for measurements of size аге purely 
relative and the smallest particles of cement flour are large compared with atoms or 
the hypothetical electrons of which atoms are now said to be composed. Some recent 
experiments upon this point prove that the coarser particles of cement may possess 
considerable tensile resistance, and therefore they constitute a valuable constituent 
of that material. Thev also show, however, that such particles may be quite different 
from the finer particles in respect of soundness, and suggest the possibility that the 
coarser particles sometimes cause general deterioration affecting the whole body of 
the cement. Thus they may be cither valuable or deleterious, and certainly making 
alwavs a further investigation of each individual circumstance of test highly valuable. 
If this residue were reduced to flour, however, it will generally be found to be a good 
quality cement showing high tensile strength. Therefore a sample of cement as 
delivered to the consumer, if divided into residue and flour, will show that on a sieve 
having 180 by 180 meshes per sq. in. the residue will be about 18 per cent. and the 
fine grit and flour about 82 per cent. 

In extracting the flour by means of light air pressure we see that the average 
cement contains from 5o to бо per cent. of flour, the balance being a very fine grit 
that has passed through the meshes of the sieve. 

Portland cement, therefore, when delivered on to the work is thus first tested for 
fineness of grinding, and only a few years ago the usual fineness called for in cement 
was about Io per cent. residue on a 50 by 50 mesh sieve, or a sieve having 2,500 holes 


to the sq. in., but to-day the average fineness of good quality cements is more likely 
to be as follows : 


No residue ve -- T ...  Soby 50 mesh sieve 
Trace... "T T T ENT 76 by 76 , js 
Five per cent. ... — ihr . тоо by тоо, 5 
Fourteen per cent. — ... ... 180 by 180 ,, T 


In carrying out the test for paces: it is generally arranged that a quantity of 
100 grams of cement, approximately about 4 ozs., shall be continually sifted for a 
period of 15 minutes, and the results should be as I have now described. The sieve 
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generally used for this test is as I show here, and the British Standard Specification 
stipulates that the amount of residue on the 180 by 180 mesh sieve shall not exceed 
18 per cent. 

A cement that passes this test can be considered a thoroughly first-class quality 
product in every respect, provided of course the further tests of the cement are satis- 
factorv. 

TESTS OF THE SETTING TIME. 

The neat test that would be carried out in gauging the quality of cement is 
probably that of the setting times. 

When Portland cement is mixed with water a plastic paste is formed which ulti- 
mately hardens into a stonelike substance, and according to the activity shown in 
this transition from a paste to a thoroughly hard mass, so is the material found to 
be of a quick or slow-setting nature. 

The setting of cement, scientifically explained, means that on the addition of 
water to a cement calcium aluminate is first attacked and broken down to a simpler 
aluminate and hydrated lime. These materials dissolve in the water, and when a 
state of supersaturation is reached are deposited in a crystalline form, thus causing 
a stiffening of the mass, known as the initial set. 

This process of crvstallisation continuing produces increasing hardness, which is 
further assisted by a similar but much slower decomposition of the calcium silicate 
into a simple compound plus hydrated lime. The growth in the strength of cement 
is due partly to the gradual decomposition of the calcium silicate, as just explained, 
and partly to the absorption of CO, bv the liberated lime to form CaCO, (which com- 
pound in the crystalline form, that is, limestone, can acquire considerable tenacity). 
The coarser particles of cement are not completely penetrated by water for some 
wecks, if not months, and as long as the penetrating process continues the breaking 
up and crystallisation of each particle adds to the strength of the whole. 

Most cements when freshly made are extremely quick setting, that is, as soon 
as water is added to the ground material the cement begins to harden at once if it is 
not treated by the manufacturer during the clinker grinding process. Cement as 
ground from the kiln may varv in its setting time from a few minutes to some hours, 
and such a material to a consumer would prove irksome and inefficient, but by the 
introduction of a material called gvpsum (CaSO,), which is mixed in very small pro- 
portions with the material while passing through the grinding machinery, a cement is 
obtained which can be relied upon as being of a slow and generally uniform set. 

To regulate the setting of cement, then, it has been found necessary in its manu- 
facture to add a small percentage of this product gvpsum to the clinker whilst the 
same is being ground, and gypsum has been proved to be not onlv perfectly harmless 
but rcally beneficial to the product. 

It is a mineral found in a great variety of forms and is chiefly mined in Notting- 
hamshire, where it exists as a nearly pure calcium sulphate. 

The addition of gypsum in the proportion of 1 to 1} per cent. generally does all 
that is desirable and necessary in slowing down the setting time of an inordinately 
quick-setting cement. 

To explain thc influence of gvpsum upon the setting of cement, it must be remem- 
bered that the process of setting is one of solution and subsequent deposition of crystals 
from this solution, which intertwine round the undissolved particles and bind the 
whole mass together; but cement 1s less readily soluble in a solution of CaSO, than it 
is in pure water, hence it will be seen that when CaSO, is present either in the fuel ash 
or as added gypsum, this material dissolves first in the water used for gauging, and in 
the solution thus formed the cement takes longer to dissolve and deposit its crvstals, 
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and in this manner the setting is retarded in proportion to the strength of the CaSO, 
solution, that is, in proportion to the amount of the added material. 

Sometimes in the regulation of the setting time of cement the manufacturer has 
also recourse to a stcam hydrating of the clinker in the mills during the clinker grinding 
operation, but this gives unreliable results. Or again, an extensive '' weathering ” 
or atmospheric slaking of the clinker before grinding is required, and some manufacturers 
find it desirable to water the hot clinker when leaving thc kilns and previous to grinding. 
The latter arrangements are more particularly adopted where the addition of gypsum 
for some chemical reason is found to be practically useless, but even these methods 
cannot always be relied upon to give satisfactory results. 

Until the advent of the rotary kiln all cements were so contaminated with the 
ash of the fuel used for calcination (which ash contained a high proportion of SO,), 
that the material leaving the kilns required little or no addition of gypsum in order 
to produce a slow- or medium-setting cement. Rotary kiln cement, however, contains 
practically no fuel ash, and is consequently lacking in SO, and is instantaneous in 
setting, unless the necessary sulphur is introduced in the form of additions of gypsum 
during the process of grinding. 

It is of importance that the cement user should be aware of the setting properties 
of the cement to be employed in constructional work, for unexpected results are apt to 
ensue from the omission of this test. It often happens that when a quick-sctting 
material is inadvertently delivered on to the contractor's works, and is brought into use, 
the setting has commenced even before the wet mixing of the aggregate and cement is 
completed, with the result that this sctting action, being unnoticed, is interfered with, 
and the material will not again set for some days, or, at least, until the moisture has 
thoroughly dried out of the mixture, and even then its cohesive value is often so 
greatly reduced as to render the cement practically valueless. This is a common 
occurrence in the use of cement, and may easily be avoided by a svstematic testing of 
activity. Care, then, should first be taken to ascertain the setting time of the cement, 
and next, that no greater bulk of mortar is mixed than can be used before the setting 
commences. 

Under no circumstances must a cement which has once been allowed to set be 
re-tempered or re-mixed for use, since from what has been said it will be secn that 
the material is thereby rendered worthless. 

Cement manufacturers, then, have it in their power to make either a quick- or 
slow-setting cement, and, unless otherwise instructed, supply the slow-setting quality, 
which takes thirty minutes and upwards to harden the surface of the test pat. А 
quick-setting cement commences to harden in a few minutes, and although perhaps 
equally strong in its tensile resistance and constructional value, yet a cement of this 
nature must be used with care. It is employed under water, in plaster work, and 
when working in cold weather. In all other cases it is most advantageous to use a 
slow-setting cement. 

This is indeed indispensable when dealing with careless workmen not under 
supervision, who always prepare their concrete many hours ahead, and even sometimes 
drown it with excessive quantitics of water. 

Now the two setting-time tests at present in use are one for the commencement 
of the setting, called the ‘ initial " set, and the other for the end, or “ final " set, the 
time when a weighted needle makes no impression on the test pat. 

The Initial Set.—The initial set of а cement is generally gauged from a small 
pat made with a minimum amount of water. The commencement of sct is seen to 
occur when crystallisation of the cement starts by the drving of the pat and upon its 
assuming a certain amount of soliditv. The patcan be prepared by taking 100 
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grammes of cement, and in well mixing the same on a non-porous slab with 25 per cent. 
of water of a temperature of 58°-64° Fahrenheit. The time employed in mixing this 
cement should not exceed 40 seconds, and then the plastic mixture should be placed 
upon a glass or iron plate, and shaken down to a thickness of { in. in the centre and 
a diameter of 4 in. 

The pat is then placed aside to allow the cement to sct, and the initial setting time 
is plainly shown, and is indicated by a certain drying appearance, and a slight resist- 
ance is observed to the point of a pencil. 

The final set takes place when the cement will not take an impression by a weighted 
ncedle. 

Unless a specially slow-sctting cement is required of which the minimum time of 
setting has been specificd, the manufacturer generally supplies a cement of one of 
three distinct gradations of time of setting, designated as quick, medium, and slow. 
Quick-sctting cement implies that the initial setting time should be not less than two 
minutes and the final setting time not less than 10 minutes nor more than 3o minutes. 
Medium-setting cement should have an initial setting time of not less than Io minutes, 
and the final setting time should be not less than half an hour or more than 2 hours. 
Slow-sctting cement should have an initial setting time of not less than 20 minutes, and 
the final setting time should be not less than 2 hours or more than 7 hours. 

The Vicat Needle Process.—In carrying out the test of the setting time of 
cement with the Vicat ncedle apparatus, such as we have here, the mode and con- 
ditions of gauging the cement arc as follows : 

The quantity of water used in mixing with the cement to be tested should be 
appropriate to the quality of the cement, different brands of cement requiring diffcrent 
percentages of water, and the quantity of water should be so proportioned that when 
the cement is gauged it forms a smooth, easily worked paste, which leaves the trowel 
cleanly, in a compact mass. Clean, fresh water and appliances are to be used in gauging, 
and the temperature of the water and that of the testing room during the time the 
setting operations are performed should be from 58? to 64? Fahrenhcit. The gauging 
should be completed before signs of setting occur, and after preparing the cement in 
this way the mortar is filled into the mould of the Vicat needle apparatus. 

This testing apparatus, as will be seen, consists of a frame bearing a movable 
rod with a cap at one end and a needle I mm. square at the other. The cap, rod, and 
needle together must weigh 300 grammes (10:58 oz.). The rod carries ап indicator 
which moves over a scale (graduated in centimetres) attached to the frame. The 
cement paste is held in the conical split ring 8 cm. in diameter at the base 
and 4 cm. high. and this ring rests upon a glass plate. The paste confined in the 
ring resting on the plate is placed under the rod bearing the needle, which is then 
carefully brought into contact with the surface of the cement and quickly released. 
The initial setting time is said to have commenced when the needle no longer pierces 
through the pat. When sufficient time has elapsed to allow of the mould being 
lifted without disturbing the cement, the mould is turned over to enable the needle 
to be applied to the under-surface of the cement. The cement is considered as finally 
set when the needle, having a flat end of 1 mm. square, fails to make an impression 
when its point is applied gently to the surface. 


TESTS FOR SOUNDNESS. 


Then probably the third test carried out in the examination of cement will be 
the test for soundness, which includes testing for contraction and expansion. 

The soundness tests are those which connect themselves definitely with some 
serious defect to which cements are subject, and are of paramount importance. The 
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tests can be made with the most simple apparatus—if, indeed, any apparatus is 
required—is easy of manipulation, and its results are obtained immediately. 

Numberless methods are in vogue for ascertaining the soundness of cements, 
and the inquiries more generally classified under this heading are those which have 
reference to constancy of volume, and to this end an accelerated or boiling test is 
emploved in order to ascertain the exemption of cement from undue expansion. 

The accelerated tests most gencrally used are those of putting the pat or block of 
cement in steam and in hot and boiling water, and examining the results after some 
hours. If the cement is sound the boiled pats will be quite perfect in shape; but if 
unsound and badly manufactured the cement will crack, and in isolated cases will 
sometimes boil away to mud. 

As to these tests for expansion, it cannot be stated that results which may be 
obtained by an accelerated test are identical with those which may be experienced 
in actual construction work ; but there is no doubt that if the cement is in the slightest 
degree unsound the hot test will at once detect and emphasise the weakness. 

The expansion of cements under the accelerated test is generally caused by what 
is known as '' free" or uncombined lime, and this is introduced into the product 
either by careless or unscientific mixing or burning of the raw materials used in the 
manufacture, or by the incorporation of underburnt clinker from thc kilns. 

If a cement is poorly manufactured the aeration or atmospheric slaking, which 
is often carried out upon construction works to-day, will eliminate to some extent 
what free lime may be present; but a properly-manufactured cement will withstand 
the hot or boiling tests as soon as the material is taken from the grinding mills. 

In the early days of cement manufacture most of the trouble of cement users 
was due to the expansion of the material through overliming and other faults in 
the manufacture. This caused a swelling and ultimate disintegration after the work 
was in place. 

To-day, however, cements which stand the accelerated tests by steam or boiling 
water should be used in preference to others ; and, moreover, such tests should be 
constantly applied on the work of concrete construction, for although the hot tests 
sometimes reject suitable matcrial, they will always reject material unsound by 
reason of the existence of active expansive elements. 

To carry out a rough-and-ready soundness test, thercfore, it is only necessary to 
take a pat of set cement and immerse the same in a receptacle of cold water. The water 
should then be brought slowly to a point of boiling, and the pat of cement kept under 
water for five or six hours. Under this test no warping or cracking of the cement pat 
at the edges should take place ; and if the pat is perfectly sound after being under 
Observation for the period mentioned, it may be taken that the cement may be used 
in concrete work with every advantage. 

This accelerated test is more efficient than another old-time device for the test 
of over-liming or expansive cements. This other arrangement was to mix a sample 
oÍ the material with water to about the consistency of cream, the mixture being then 
poured into a small glass test-tube, which is shaken until full to overflowing, and then 
Placed aside in a cool place. If the cement is over-limed, or even if the grinding and 
amalgamation of the raw materials have not bcen properly carried out by the manu- 
facturer, the cement will expand and split the glass, sooncr or later, according to the 
degree of the imperfection. If, on the other hand, the. cement is underlimed (or 
Over-clayed), it will contract and become loose in the receptacle. 
| In this test, however, care should be taken to keep the tubes in a cool place or 
tn ап even temperature, for if placed іп а warm atmosphere or near a fire cracking will 
result through the different rates of natural expansion with glass and cement, even 
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if the cement be perfectly sound. This cracking will, moreover, occur on account of 
the normal expansive and contractive tendencies of cement caused by heat and cold. 

I could enumerate many other tests for showing the soundness of cement, but 
since my time is short I will now only further refer to the test of expansion in Portland 
cements as outlined by the British standard specification. 

Le Chatelier Test.— This is called the ' Le Chatelier" test, and it consists of 
filling a small split cylinder of spring brass with cement, thus forming a mould 
30 mm. internal diameter and зо mm. high. On either side of the split in the metal 
mould are attached two indicators with pointed ends, and the distance from these 
ends to the centre of the cylinder is 165 mm. 

In conducting this test for showing the soundness of cement the mould is first 
put upon a small piece of glass and filled with cement gauged in the usual way, care 
being taken to keep the edges of the mould gently together while this operation is 
being performed. The mould is then covered with another glass plate, a small weight 
is to be immediately placed on this, and the mould is then placed in water at a 
temperature of 58° to 64? Fahrenheit and left there for twenty-four hours. 

The distance separating the indicator points at the end of this period is then 
to be measured, and the mould placed in cold water, which is to be brought to boiling 
point in about thirty minutes and kept boiling for six hours. After cooling, the 
distance between the points is again to be measured, the difference between the two 
measurements representing the expansion of the cement, which must not exceed the 
limits laid down by the British standard specification. 

These limits are that the cement when tested by the Le Chatelier method shall 
not in any case have a greater expansion than 10 mm. after twenty-four hours’ aeration 
of the cement, and 5 mm. after seven days’ acration. Since, however, the manufac- 
turer generally keeps in stock a considerable quantity of cement, so as to supply 
engineers with a perfectly cool product fit for immediate use, the cement should test 
not more than 5 mm. expansion. 

Contraction Test.—Now included in the soundness tests we have also a test 
for contraction. Contraction cracks in the test pat are often met with, but are 
rarely a sign of bad quality. They are perhaps more generally found to be duc to 
faulty testing rather than to a deterrent quality in the nature of the cement. 

However, there is a test in existence which clearly shows the contraction of 
cements, and although this is not a test adopted by the British standard specification, 
it is a test often carried out by engineers. The apparatus used in this method of 
testing the contraction of cements is a tapered mould of 3$ in. diameter (inside 
measurement) and 1} in. high. This mould is filled with neat cement of a plastic 
consistency, which is left to dry off and sct hard. If there is any contraction the 
cement block will be loose and will leave the mould ; and, if not, the block of cement 
wil! remain tight in the mould. 

TESTS FOR ASCERTAINING THE TENSILE STRENGTH. 

Then the fourth test of importance is that of ascertaining the tensile strength 
of both the neat cement and cement and sand at varying periods. By “ neat " tests 
I mean those in which pure Portland cement is used alone. 

otrictly speaking, it is not necessary to have both neat and sand tests in finding 
the strength of Portland cements ; and, preferablv, the sand test alone should be 
employed. 

In the future only mortar mixtures in the proportions of 1 cement to 3 sand will 
be tolerated ; and, moreover, I consider that thesc tests will not be reckoned entircly 
dectsive, but compression tests on at least 3-in. cubes in the case of sand materials 
and 6-in. cubes in the case of concrete will be demanded for all purposes for which 
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clear insight is desirable in the working of the material in actual construction. With 
the now increased demand for a finely-ground cement, therefore, it is to be expected, 
and, in fact, should be urged, that in place of neat tests an admixture of sand should 
be emploved in estimating the value of the cement. 

In the neat tensile test the full value of the cement as a concreting material or 
as a cementing powcr never comes into play; and granted that a finer cement is a 
more valuable product, a coarse sample in a neat test will give results as to tensile 
strength equal to those obtained by a fine cement. But, on the other hand, the 
difference between the constructive values of a coarse and a fine cement will be most 
noticeable in a test for tensile strength if carried out with a mixture of sand and 
cement in the proportion of 3 to r. 

The value of sand tests in the place of neat tests is more appreciated day by dav, 
and this hardly requires an explanation, since cement is rarely, if ever, used in a neat 
state—except by consumers who have a wrong impression of its qualities. Therefore, 
in a sand test we obtain information of a much morc practical value. 

In the British standard specification both sand tests and neat tests are called for. 
Testing briquettes are prepared by gauging the cement upon a non-porous slab with a 
proper quantity of water into a smooth, easy-working paste. Then the cement 
gauged in this way is filled into the moulds or frames, as I now show here. When this 
cement has set sufficiently to enable the moulds to be moved without injury to the 
briquette, and which generally occurs after some twenty-four hours, the cement 
briquette is taken from the mould and put into a maturing tank of water for a period 
of seven and twenty-eight davs, or even longer periods. Generally a number of 
briquettes are mad? up in this way from the same sample of cement, because it will be 
found that the test results are extremely variable according to the method of 
preparation, and therefore the average of, sav, six briquettes is often taken to show 
the mean strength of the cement under test. 

The briquettes are now tested in a tensile testing machine such as we have here. 
For breaking the briquette, it is held in strong metal jaws in the machine, and the load 
is steadily and uniformly applied to the 1 in. sq. section of the briquette, and starting 
from zero and increasing at the rate of 100 lbs. in 12 seconds in the case of neat cement 
briquettes, the weight is applied until the briquette breaks. The cement which passes 
the British standard specification must show an average strength of 

400 Ib. per sq. in. in 7 days, 
500 Ib. per sq. in. in 28 days. 

In the case of sand tests the cement and sand briquettes must bear tensile stresses 
of 150 lb. after seven days from gauging, and 250 Ib. after twenty-eight days from 
gauging. 

A sand briquette is prepared from one part of cement to three parts by weight 
of dried standard sand, which is obtained from Leighton Buzzard. This sand must be 
thoroughly washed, dried, and passed through a sieve of 20 by 20 meshes to the sq. in., 
and must be retained on a sieve of 30 by 30 meshes. 

In all tests of neat and sand briquettes it should be borne in mind that the 
briquettes must be immersed in water until ready for test. This arrangement is made 
because it is considered that the test is more severe with the cement under water 
than is the case if the briquette were left to dry in the air. 

Much care must alwavs be exercised in preparing briquettes for the tensile 
strength tests, for it is quite an casy matter to show very poor results with a good 
cement if the tester is a novice in the preparing of briquettes. 

At the present time the section of a cement report which receives the most atten- 
tion is that dealing with the tensile strength. This, perhaps, is not surprising when 
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we remember that this test, although possibly the most illogical and erratic, is the 
most convenient. 

The object of the tensile (or “ stretching ") test is to determine the greatest 
stress per sq. in. which, under given conditions, the cement can be made to stand 
without rupture. If the conditions have been carefully observed, and vet several 
discrepant results are obtained, the highest may be right, but the others are certainly 
wrong. No averaging should be done, although this is a practice regularly resorted to. 

In respect to the uncertainties due to the personal characteristics of the tester 
and to the influence of local conditions, this test offers greater scope for error than any 
of the others considered. The most scrupulous care must be observed in the 
manipulation, and the tester should possess natural aptitude for such work. 


The manner and place of keeping samples for testing also materially affect the 
tensile strength results; whether, for instance, the samples are kept in air-tight 
receptacles or remain exposed, the results from these conditions have as much effect, 
for as against, the neat tensile strength test, and especially has it been found to be 
the case that neat tensile tests err if a fixed quantity of water is used by the tester 
irrespective of the individual peculiarities in any particular brand of cement. 

The experience of those who have spent a considerable part of their lifetime in 
testing cements seems to show that every brand of cement has its own distinct pecu- 
liarity which requires to be investigated and understood before it can be stated that 
any given result by the tensile strength test is a true and sufficient ascertaining of the 
value of the identical sample under test. 

Part of this variation is, however, inevitable. The strength of Portland cement 
depends so largely upon the details of the method of testing, that variations in mani- 
pulation among a number of other and minor causes make an appreciable difference 
in the results, and the neat tensile test is therefore governed by many circumstances. 

The following particulars include, perhaps, most of the common causes of divergent 
results in the tensile test : 

(1) Due to the Cement.—Whcther thc cement is fresh or has been acrated, and if 
thc latter, the period of aeration. 

(2) Due to Gauging.—The amount of water used in mixing. The quality, 
character, and temperature of the water used in gauging. The temperature of 
the room. Whether the cement is hand or machine mixed. 

(3) Due to the Preparation of Briquettes. —Whcther a skilled operator has been 
emploved. Whether the mould is of wood or iron. 

Whether the shape of the mould is variable, the method of filling, and whether 
the mould was filled at one or at several operations. Whether all air bubbles have 
been eliminated. Whether the mould is shaken, tapped, rammed or pressed to make 
the briquettes of various densities. 

Whether the briquettes are kept damp during setting, and whether kept dry or 
in water during the period of test. Whether the briquettes are made by the same 
operator on the same day under the same conditions. The temperature of the water 
used for immersion. 

(4) Due to the Testing.—The temperature of the testing room. The length of 
time the briquettes have been out of the water previous to testing. The area of the 
breaking section. The form of the briquettes and the shape of the cross section at the 
point of fracture. 

The nature of the strain, and whether suddenly or gradually applied, and the time 
occupied in applving the strain; the form of clips in the testing machine for holding 
the briquettes; the position of the strain as regards the breaking section of the 
briquettes and the preventing of cross strains; the unequal bearings of the clips on 
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the briquettes, and so on, may we find innumerable possibilities for divergent results 
in the tensile strength test. 

The fact that there are so many separate factors connected with the making and 
testing of briquettes, all of which have a distinct and definite influence on the subse- 
quent tensile strength, need not, however, unduly point to the inconsistency of the 
test. For instance, the age of the cement after grinding is found to affect the tensile 
strength of a briquette, but as the manufacturer is responsible for the state in which 
the cement leaves his works, we can rely upon him looking after his own interests in 
this direction, and indeed many of the pitfalls, if not all, are soon obviated after a little 
experience. 

The percentage of water to be used in the gauging of briquettes is generally from 
I8 to 25, a proportion which varies according to the age, fineness, and activity of the 
sample. For briquettes of three parts sand to one of cement, about 12 per cent. of 
water is required (the percentage being calculated on the total weight of the sand and 
cement). The best results are obtained with a minimum quantity of water, and a 
dry or stiff plastic mixture gives greater uniformity. 

The water to be used in gauging must be clean and fresh, and of a temperature 
of about 60? to 70? Fahrenheit. In the gauging of briquettes the cement and water 
must be thoroughly mixed for one minute, and then pressed into the mould by the 
trowel used in gauging. 

Any excess cement should be removed and the top of the briquette smoothed 
off level with the mould. Particular care should be taken that the mixing is carried 
out upon some non-absorbent substance, such as a slab or slate or thick glass. 

The remaining tests outlined in the British standard specification are those for 
Specific gravity and chemical composition. These two tests when required by the 


consumer are generally referred to consulting chemists. but are rarely carried out by 
engineers. 


TESTS FOR SPECIFIC GRAVITY. 

The specific gravity test some years ago repiaced the old-time test of weight per 
bushel, which has been rendered useless and made obsolete by the present fine grinding 
of cement. So long as all cements were coarsely ground and about the same degree 
of fineness, the requirements of engineers that the cement should weigh a specified 
number of pounds per striked bushel was found fairly satisfactory when made workable 
by uniform methods in carrying out the test. When a heavy cement was required 
by the consumer, a heavy weight was stipulated with the weight per bushel test ; but 
as the demand for a fincly-ground cement increased, the weight of 112 lb. to 120 lb. 
per bushel, once easily attained, cannot now be reached, and the wcight of a well- 
burned ordinary cement ground finely enough to pass through a 76 by 76 mesh sieve 
will be about 105 lb. to 110 Ib. 

Portland cement possesses a very high specific gravity, on which its value as a 
mortar is based. All other cements have a smaller specific weight, and therefore 
cannot form a mortar of equal density and resisting power. The specific gravity of 
Portland cement varies between 2:90 and 3:20. 

Owing to the absorption of water and carbonic acid (having specific gravities of 
го and 0°88 respectively), the specific gravity of cement decreases with age, or after 
aeration ; and although the specific gravity clause is at present a feature of almost 
every engineer’s specification for cement, yet one can probably make no greater 
mistake than reject a cement on the ground of low specific gravity alone. A low 
specific gravity in cement is more often causcd by the presence of water, combined or 
absorbed, and where a low test is found it should be at once discovered what is the 
cause of this condition ; indeed, since the absorption of moisture during the process of 
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seasoning causes a considerable lowering of the specific gravity, it would be improper 
to condemn a cement for a quality that may be actually beneficial. 


TESTS FOR CHEMICAL COMPOSITION. 

In regard to the chemical composition of cements, it may be said that this test 
will render valuable services in the detection of adulteration, and it is of use also in 
determining whether certain constituents believed to be harmful in cements, such as 
magnesia and sulphuric anhydride, are present in admissible proportions. 

The chemical analysis of cements, therefore, if taken in conjunction with the 
mechanical and physical tests, affords much desirable information in the selection of 
a good quality material; indeed, it is almost necessary that both the chemical and 
mechanical examination of a cement should be made before the positive pronounce- 
ment of quality can be given, and when both have been ascertained, the suitability 
and efficiency of a cement for any given purpose can be at once accurately determined. 

Since, however, this work of chemical analysis must be carricd out by qualified 
chemists, and which is rarely called for, I will. therefore, also only give a passing 
reference to this test. 

Where the chemical composition of a cement is decided to b2 taken, it is necessary 
that its analysis should comply with the British standard specification conditions, 
which arrange that thc hydraulic modulus or ratio of lime to silica and alumina shall 
be not greater than the maximum nor less than the minimum ratio of 2:85 or 2:0 
respectively calculated in chemical equivalents and represented by the equation— 

CaO 
SiO, 4-Al,O3 

Further, the cement shall not contain a greater percentage of insoluble residue 
than r:5, and the magnesia must not exceed 3 per cent.; sulphuric anhydride must 
not exceed 2:75 per cent. and carbon dioxide o:5 per cent. Water in the sample shall 
not be in greater quantity than 2 per cent. of the weight of the cement. 

Occasionally other tests are introduced by enthusiastic engineers, such as rise 
in temperature test, and cold plunge or immediate immersion tests, and again the 
contraction tests I have described ; but experimenting by faddists is to be deprecated, 
since many of such tests have no practical or theoretical relation either to the quality 
or us?s of cement, and generally show merely physical phenomena, the bulk of which 
are due to faulty testing. It is preferable to adhere to only the tests as outlined in 
the British standard specification, since they comprise the most practical and useful 
inquiries which should be made ; these tests having been settled by a representative 
committee of experts most competent to judge the present-day requirements of 
cement in practice. 

In determining the good qualities of cement for constructional purposes, therefore, 
it is imperative that the product should possess at least two essentials—the qualities 
of strength and soundness ; and the primary object of all cement testing is to determine 
whether the material is satisfactory in these two important particulars. The other 
theoretical tests for fineness, specific gravity, the time of setting and chemical 
analysis are of value only as the results give additional information as to the gencral 
suitability of the material. 

It is a rather remarkable fact, and one that makes the study of cement testing 
most difficult, that the precision and accuracy possible in any on? of the physical 
tests varies almost exactly inversely as the importance of that test. Thus, all would 
be willing to agree that soundness is the most essential quality for a c2ment to 
possess, and vet the ordinary tests for soundness are most inexact, and until the 
Le Chatclier test was introduced were the most dependent of all the routine tests 
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upon personal judgment. In the test for strength, which undoubtedly comes second 
in importance, we have all the variations due to the personal equation in mixing, 
moulding, handling and breaking, which make this test rather one of experience than 
one of exact treatment. In the time of setting these inaccuracies are still further 
reduced on account of the simpler processes required. In the fineness test, which is 
far less important than any of the preceding, we reach the first test that is capable 
of some accuracy, or at least an accuracy that is measured more bv apparatus than by 
experience in manipulating ; and finally, in specific gravity, which in itself has almost 
no importance, we reach the only test that can be considered as capable of precise 
determination. | 

In the testing of cements it might also be mentioned that in addition to the 
processes I have described—namelv, the chemical and phvsical tests according to 
well-known standards and theories, the average consumer generally tests the qualities 
of cement by practical results, preferring to watch the action of cement in work rather 
than rely upon the qualities as shown by the laboratory records. However, this 
" practical ” test, be it said, is far more likely to give erratic results as to the qualities 
of cements (and its consequences are likely to be far more scrious) than is the case 
in any of the recognised tests I have mentioned. There are innumerable ways in 
which a perfect quality cement by faulty manipulation may be made to appear 
otherwise, and there are again manv aggregates which destrov the otherwise sound 
qualities of many cements of approved first-class quality. Probably the most common 
cause of trouble in the use of cement is the failure to recognise the fact that the setting 
of Portland cement is a chemical process which may casily be retarded or destroyed 
by unfavourable conditions. 

There is much room for education on the part of the cement user. He needs to 
know, first of all, what he really wants in a cement—that is, what properties are of 
special value in his work. With this knowledge will come a better realisation of the 
necessity not only for uniform methods, but what is more to the point—uniform 
tests. When he realises that because one brand of cement does not harden quite so 
rapidly as another it is not necessarily inferior for the average piece of work, and that 
the cement which fails to gain in tensile strength 12 or I5 per cent. over 
900 lbs. from seven to twenty-cight days is not likely to suffer by comparison with 
average cements in anv other way, and that when properly made and seasoned 
these cements are equally good for ordinary work (although one or the other may be 
Superior for some special work): when these facts are generally understood and 
appreciated, there will be no rcason for a manufacturer to modify his test methods 
so as to make a given showing—to obtain predetermined results—and uniform tests 
will be advanced a long wav. 

This outline of the testing of Portland cements completes the information that 
it is advisable to obtain in using the product for anv important engineering or 
constructional enterprise, and I will conclude mv paper bv showing on the scrcen 
some of the results obtained in a tvpical cement-testing experience. 
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Section of the Double-Conical Smith Drum, showing the 
Arrangement of the Mixing Blades. 


CONCRETE 
MIXERS 


In some of our former issues we 
have been publishing articles on 
different appliances for concrete mix- 
ing, and the present pages are а con- 
tinuation of the particulars presented, 
and are based on data kindly put at 
our disposal by the makers of the 
respective appliances, and indicate 
their views as to their efficiency. 


The whole question of using 
mixers requires far greater attention 
than at present is accorded to this 
important subject. The economy of 
concrete and reinforced concrete work 
largely depends on the suitability of 
the machinery employed. Thus these 
contribations merit careful considera- 
tion. —ED. 


THE designing of a concrete mixer which will give the requisite number and kind 
of movements required for the making 'of|'good concrete is by no means a simple 
matter, as the long trail of failures has taught the manufacturer and the contractor to 
their cost. A concrete mixer must be designed to operate under the severest conditions, 
and the mechanical construction should therefore be of the best, while the great rapidity 
of output demanded for modern building operations calls for a machine which will 


mix and discharge a 
batch in the shortest 
possible time. 

This article 15 
illustrated by photo- 
graphs of the Smith 
mixer, which in the 
course of the last 
ten years has proved 
itself to be a 
machine which in 
several directions has 
nearly attained per- 
fection, and in which 
the underlying prin- 
ciples of concrete 
mixing have been 
clearly recognised, 
and have been very 
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A Smith Mixer on Truck, with Petrol Engine. 
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Two No. 5 Smith Mixers used on a plant at Alleguipa. | 
These two machines are estimated to turn out 1,500 cubic yards of concrete per diem. 
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The machine still revolves while discharging. 


A No. 1 Smith Mixer discharging tar macadam. 
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A No. 1 Smith Mixer, with Batch-charging Hopper. 
hopper coines automatically into position when the drum is tilted back. 


The chute from the 
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successfully put into 
practical effect. 

Even without its 
blades the double-coni- 
cal drum of the Smith 
mixer will effect a mix- 
ture, for as the drum 
revolves the mass, while 
turning over, spreads 
out laterally at the top 
of the pile and is 
gathered together at 
the centre, thus rapidlv 
mixing the contents 
together. The blades, 
which are set in a 
spiral, accelerate апа 
assist the natural mix- 
ing movements of the 
material. They also 
heap the aggregates 
towards the centre of 
the drum and force 


them together. That there is an actual exertion of force in the crowding action of 
the blades is best illustrated by revolving the drum in the reverse direction, when it 
will be found that the materials are ejected from the drum, showing clearly that when 


running in the right direction the 
mass is driven in on itself. The 
extraordinary rapidity — with 
which the Smith drum mixes 
its contents is accounted for by 
this complex action. 

One of the cardinal prin- 
ciples which should be recognised 
in the design of a concrete mixer 
is that no working parts should 
come in contact with the con- 
crete. Cement 1s most destruc- 
tive to bearings, and being a 
very fine powder, will work its 
way through the most accu- 
rately-fitted joints. There are 
no moving parts in the Smith 
drum, the whole receptacle 
revolves and all moving parts 
are set as far away from the 
filling and discharge openings as 
possible, and are adequately pro- 
tected from possible contact 
with the concrete during its 


preparat ion. 
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Front View of a Smith 


discharging tar macadam at the 
photograph was taken at the 
moment of discharge ; the material can і е seen falling into the truck. 
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The mixer is discharged while running by tilting, and the contents are thrown 
out of the drum with such rapidity that the discharge is almost instantaneous. 

The Smith mixer was primarily designed for making concrete, vet it has been 
found to be suitable for mixing almost any materials, wet or dry. It has 
proved itself suitable for making tar macadam. It prepares and discharges a 
perfectly-mixed batch of tar macadam in an extraordinarilv short space of time. 
It is also used for mixing the different sands used in glass factories, соге sand in 
foundries, fertilisers, chemicals in chemical works, and, in a word, any materials, 
provided they are not too sticky, which need to be thoroughly mixed together 
irrespective of their specific gravity. 

The machine was, we believe, invented by Mr. T. L. Smith, the chairman of the 
T. L. Smith Co., whose London office is at 11 Victoria Street, and it is manufactured 
in England by Messrs. Stothert & Pitt, of Bath, under agreement with the 
T. L. Smith Co. 
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THE BUILDING 
TRADES 
EXHIBITION, 


OLYMPIA. 
II. 


In continuation of our article of last 
month, we now have pleasure ín writing 
some further particulars of this Exhi- 
bition, which was held April 22nd— 
May 6th.—ED. 


Last month we described the cement and concrete exhibits at the Building Trades 
Exhibition, but our notice had to be prepared in advance of the actual opening day, 
owing to the exigencies of going to press. We now supplement our former article 
with a few additional particulars of some exhibits of concrete appliances which we 
did not deal with before, and also give an account of various classes of exhibits for 
which we had not space in our last issue. 

The Exhibition was well visited by the general public, as, too, by a number of 
technical societies, among them being the Concrete Institute. On the whole, we feel 
it was a little disappointing as regards the cement industrv, though it well maintained 
the reputation of former vears in respect of other trades connected with building. 
The Exhibition was larger than any previous one, and had just as much variety in the 
subjects with which it dealt, but the interest was mainly in regard to other trades 
than that of concrete and fire-resisting construction. 


"NOTE THE POSITIVE BOND 
WITH THE RIGID CONNECTION 


ISOMETRIC VIEW OF MOSS'S PATENT 
GIRDER REINFORCEMENT 


Fic. 1. Moss's PATENT REINFORCING Bar. 
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REINFORCED CONCRETE. 

In our first notice we said that there were two new reinforcing bars in the Exhibi- 
tion, but we find that at the stand of the Nostell Brick and Tile Co., Messrs. 
William Moss & Sons' special bar was shown, which was also new to the Building 
Trades Exhibition. The form of this bar is shown in Fig. 1., and will be seen to con- 
sist of a small modified I joist, in the web of which stirrups are inserted ; thus 
rigid attachment and proper positioning of the stirrups can be ensured. 

Messrs. Hubert Todd & Co. showed some interesting applications of concrete 
and reinforced concrete, in particular some concrete manhole covers made in stock 
eO 4 0 Bat es Pi мс y Sizes. The form of these 

j manholes is shown in Fig. 2. 
Tt will be seen that the 
cover drops into a splayed 
rebate which is quite tight. A 
good many such covers have 
been used, and have been found 
perfectly serviceable. Another 
speciality shown was a concrete 
horse-watering trough, which is 
a somewhat novel application, 
but a quite useful one. Messrs. 
Todd showed, too, samples of 
their granite concrete pavings, 
artificial stone, and of the rein- 
forced concrete work that they 
have carried out. 

Mr. George Blay showcd 
some reinforced concrete fence 
and gate posts, for which he is 
cvidently finding a market, 

SECTION although he is chiefly known for 
Fic. 2. HUBERT Topp & Co.'s CONCRETE MANHOLE COVERS. his oak, jarrah, larch, and other 
fencing, and his timber gates. 


CONCRETE. 

Many materials for concrete were shown in the Exhibition. We may refer to 
the exhibit of Mr. Frank Keep, who showed various kinds of clinker, breeze, and 
coke-breeze. Care should be paid to the supply of these materials for concrete work, 
and with this in view the grading and the source of supply are carefully watched, so 
as to provide reliable material as far as possible. The breeze is carefully washed and 
the materials are separated, so that onc can purchase materials customarily looked 
upon as doubtful to a grade which will be serviceable for concrete work. Samples 
of broken brick were also included in this exhibit. 

Other materials for concrete exhibited were stone from the Northern Quarries 
Co., Ltd., and trass, pumice, and gravel by Messrs. Bristowe & Co., Ltd. This latter 
firm, by the жау, also exhibited the “ Whalley " mixer, which 1s applicable to either 
concrete or tar macadam. Messrs. John Wainwright & Co., Ltd., exhibited 
basalt, quartzite, black rock, and limestone. 

Messrs. Cornes & Haighton's exhibit of a model cottage constructed of concrete 
partition slabs made by Messrs. J. A. King & Co. was undoubtedly a very attractive 
feature of the exhibition. The cottage had a living room, parlour, and scullery, 
with three bedrooms, and the cost was £150 to #200. Our illustrations herewith 
(Figs. 3 & 4) show the ground-floor and first-floor plans. 
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MIXERS AND MACHINERY. 

An excellent type of block-making machinery was in evidence (Fig. s), manu- 
factured by the U.K. Winget Concrete Machine Co.. Ltd., Newcastle-on-Tyne. The 
striking feature of this machine is its simplicity of construction by the elimination of 
complicated parts and unnecessary operations. Only two motions are required to 


Fics. 3 AND 4. PLANKS or Messrs. Ccrnes & HatcHTON's MODEL СоттАСЕ.* 


work 1t—one pull of the lever to close the machine 
ready for filling, one more to open it again, and 
then the blocks are ready to be taken awav. It 
can also be utilised for making blocks face down 
without any alteration, the only action necessary 
being to withdraw a spring bolt and the machine 
swings on the side. When the face is made the 
machine is swung back and block is finished. The 
machine is a complete plant, portable, and no 
power is required. There is no need to buy a 
special machine for different sized blocks ог 
partition slabs. The one machine 15 capable of 
making all, with the necessary accessories and 
parts, which are machined and made interchange- 
able, so that a perfect fit can be insured, and they 
can be changed in a few seconds to suit the 


Fic. 5 WINGET BLock MACHINE. different kind of blocks required. It 1s capable 

of making blocks ranging in lengths from 4 in. to 

32 in; width, 2,4, in. to 16 in. ; heights, 3 in. to 12 in., including angle blocks, returns, 
corbels, skirtings, quoins, string courses, spout corbels, gate piers, chimnev flues, 
water tables, copings, kerbs, channels, etc. It can also be arranged to make three 
partition slabs at one operation, 28} in. long, 6 in. to 12 in. deep, and either 2 in., 


инь 
* These blocks were kindly put at our disposal by the Municipal Journal. 
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213 in., or 3H in. thick; also 2 hollow slabs 43 in. thick, with one pull of the lever. 
Each of these partition slabs has a male and female vertical joint. The average output 
of 32 x 9 х gin. blocks is 400 per day of то hours, while 120 partition slabs, 
28} in. x 2,4 in. are being obtained from the one machine in one hour. The 
machine can be worked by unskilled labour, as there are no parts to get out of order. 

The Express Mixer was also shown by the same firm. This has a circular fixed 
pan with revolving arms upon which are attached eight adjustable ploughs and rakes. 
The action of the ploughs is to turn the aggregate over, as a shovel would do in the 
case of hand mixing. Each plough is followed bv a rake which spreads the aggregate 
over the bottom of the pan. This is repeated until the mix is complete. There is no 
chance of the aggregate balling, thus insuring a proper and perfect mix. The pan 
is self-delivering, bv two sliding shutters in the bottom. 

We may supplement the particulars of the Ransome ver-Mehr Machinery Co. 
һу referring to their corrugated sheet piling, for temporary or permanent work, which 
they had on show. It is manufactured of pressed steel sheets, and the corrugations 
are driven to overlap and provide a close sheeting. Another of their exhibits was a 
cement testing machine, in which the Smith-Edwards method of boring through 
a test block and measuring the resistance of the block to the drill by means of a spring 
balance is employed. In this method the penetration corresponding to the resistance 
is measured automatically on a scale and read off in millimetres, and the hardness of 
the cement at any depth in a test piece of any age may be accurately determined, thus 
indicating whether a particular cement in setting is merely hardening on the external 
surface exposed to the air or hardening uniformly through the whole mass, as should 
be the case for reliable work; in fact, it discriminates between setting and 
hardening, terms often considered to be synonymous, but which experiment proves 
to be totally different. The method indicates a quick-hardening cement as distinct 
from a quick-setting cement, and indicates definitely when hardening has progressed 
sufficiently to enable centering or shuttering to be removed safely. Another appliance 
was the Vibrant consolidator, a mechanical tamping machine (Fig. 6). By rotating 
the handle, which is on a different standard, arms are arranged on a wheel hammer on 
the base of the rammer so as to cause the same to vibrate, which it is claimed will 
do away with voids, and at 
the same time increase the 
crushing strength of ordinary 
well-rammed concrete. 
Though not shown, particu- 
lars were furnished of the 
Ransome aggregate convevor, 
which enables large quan- 
tities of concrete to be 
handled, the aggregate being 
taken from any type of 
truck, waggon, or cart, 
gauged and delivered to 
mixer with only one handling 
charge. The conveyor belt 
runs under a number of 
hoppers with drop doors from 
which the materials are dis- 
Fic. 6. THE °" Ransome" VIBRANT CONSOLIDATOR. charged in properly measured 
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proportions, and thus the materials come to the mixer already gauged, so that the 
latter can be operated at full speed. Tt is often extremely important that sand and 
aggregate should be washed, and two forms of washers are supplied— the “ Mercer "' 
and the ‘‘ Odgen." In the former two tubes are provided, from one dirty water being 
discharged, and from the other sand or aggregate. The clean water enters at thc 
upper end, and the sand is carried up against the stream of water by a worm conveyor, 
emerging from contact with clean water only. An output of 70 to 100 tons per dav is 
given with an expenditure of 3 h.p. In the “ Odgen " washer the materials are 
elevated to a jigging screen upon which water is sprayed from perforated pipes, the 
fine material falling through this jigging screen on to another screen that distributes 
the sand into опе truck and the dirt into another, while the material running off the 
end of the jigging screen falls upon another screen which grades the material into 
large and mcdium. This latter, it may be mentioned, has been put to successful use 
at scwage disposal works. 

Messrs. J. Pickles & Son showed their ' Holcrete " concrete block machine, 
suitable for making blocks of various sizes. In addition, they, exhibited a special 
hand-operated batch mixer, a special sill and lintel moulding machine, “ Holcrete '' 
sewer and drain-pipe moulds, and the '' Ideal " cement-sand block machine, the last 
named making Io or 20 blocks at one operation, and turning out 3,000 or 6,000 blocks 
per day. 

CEMENT. 

The Barnstone Blue Lias Lime Co., of Nottingham, showed their Portland 
cement, and their blue lias ground and lump lime. They also exhibited a material for 
plaster called '' Murite,” and a material called “ Vianex," which is used for binding 
macadam roads. This material is a lias lime, and is mixed with the road-surfacing 
material, which is rolled in place the same as ordinary macadam. Water causes the 
lime to set and bind the road together, so that one obtains a kind of lime-concrete road 
surface. The lime is, however, more phable than cement would be, and thus gives 
an elastic road that wears well. Existing roads can be scarified and coated with 
a laver of '' Vianex ” and chippings. 

ROOFING. 

We mentioned in our last issue a number of roofing materials which are often 
uscd in connection with concrete. We now supplement these with particulars of 
other roofings. 

The Binfield Brick and Tile Co., Ltd., are making various tiles. The Hazlewood 
Brick Co. exhibited hand-made, sand-faced red roofing tiles, and tiles made to match 
old tiles. Thev also supply machine-made, partial sand-faced tiles, together with 
ordinarv ornamented and ridge tiles of various descriptions. The Ravenhead Sani- 
tary Pipe and Brick Co., Ltd., showed examples of their manufactures, which in- 
clude clinker paviors, pipes and bricks, as well as tiles. 

This firm also showcd the '' Ravenhead " rustic-faced brick— clean, hard bricks 
giving the appearance of well-preserved age on a new building. 

Ihe Towers Adamantine Clinker Fire and Roofing Tile Co. showed paving 
bricks and firebricks, as well as roofing tiles. Messrs. T. Pascall & Sons exhibited 
their hand-made, sand-faced roofing tiles. The Nostell Tile & Terra Cotta Works 
showed examples of terra-cotta construction and faience and fireplaces, in addition 
to their roofing, floor, and wall tiles. Messrs. Colthurst, Symons & Co., Ltd., showed 
interlocking and plain tiles. Mr. Thomas Mitchell exhibited hand-made, sand-faced 
tiles. Messrs. S. & E. Collier, Ltd., supplv both old-fashioned, hand-made tiles and 
glazed Italian tiles and ridgesof a variety of patterns, terra-cotta and chimncy-pots. 
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Messrs. D. & C. Rutter, Ltd., also supply hand-made tiles and terra-cotta partition 
blocks and hollow tiles for floors. Messrs. Н. J. & C. Major, Ltd., showed their well- 
known interlocking roofing tiles. 

The Oakeley Slate Quarries Co., Ltd., had a working exhibit, in which they 
showed the entire process of manufacturing the finished slate from the rough block. 
Their quarries have been working for upwards of 200 years now, and immense 
quantities of these slates have been used. 

Messrs. Roberts, Adlard & Co. showed various examples of English slating in 
red, fawn, and green, and also examples of stone slating. In addition, they showed 
some foreign green slates, Welsh slates of various kinds, together with roof tiling 
and oak shingling, wall and floor tiling. Slate masonry also came within their 
purview. 

Messrs. P. McNeill & Co., Ltd., showed thcir asphaltic roofing and sarking felt, 
and bituminous felt for roof lining and sound-deadening purposes. Several of their 
special varieties are of inodorous felt free from offensive smell. They make a pure 
Trinidad Lake bitumen damp-course and sheeting for lining concrete tanks, covering 
concrete roofs, etc. They also exhibited their patent slag wool for fireproofing and 
sound deadening. Among the sheet roofings which Messrs. McNeill supply is a 
3-plv combination roofing material for forming flat roofs that can be used as gardens 
or playgrounds, and also a material which is supplied in handy rolls for easy appli- 
cation. 


DOORS. 

We have referred above to certain aspects of fire-resisting construction, and 
this leads us to mention the subject of fire-resisting doors. 

An interesting fire-resisting door was that called the “ Dreadnought,” shown 
by Fireproof Doors, Ltd. This is made of steel sheets, in which panels or grooves 
are pressed to allow of expansion or bulging. Two of these doors have been tested by 
the British Fire Prevention Committee, with excellent results. Another steel door 
was that shown by the Art Metal Construction Roneo, Ltd. This was a new form 
of construction that has not yet been tested from the fire point of view, but seems 
to have good points. The steel plates on the door were fastened in a frame which 
had room for them to expand under heat. А noticeable feature of this exhibit was 
the enamelled finish which led one to suppose that the doors were of finely figured 
wood. This firm emphasised the fact that in supposedly fireproo. buildings one 
generally finds a great number of wooden fittings—window and door frames of wood, 
and furniture of an inflammable character—and thev exhibited fittings, counters, 
and furniture of every kind made out of pressed stecl, which certainlv had a hand- 
some appearance. Another firm showing metal furniture was The Adjustable Shelving 
and Metal Construction Co., Ltd., who, in addition to their stecl shelving, exhibited 
shutters, lockers, cabinets, card index drawers, and light “ fireproof ” safes. Messrs. 
Heary Hope & Sons, Ltd., exhibited kupronised stcel doors glazed with fire-resisting 
glass. Messrs. Phillips & Son, in addition to showing their strong rooms and safes, 
exhibited party-wall iron doors and strong-room doors. Mr. John Tann also showed 
safes, strong-rooms, and fire-resisting doors. Mr. John Р. White had on view a patent 
hospital fire-resisting door of wood. The Wilson Rolling Shutter Co. exhibited their 
corrugated rolling steel shutters and partitions, which are formed of interlocking slats 
which expand without buckling, and which have been shown not to get out of 
working order during fires and to adequately protect openings. Special arrange- 
ments are made for automatically closing such shutters in case of fire. The Wilson 
shutter has been subjected to a series of fire tests bv the British Fire Prevention 
Committee. The Hempstead Patent Brick Co. exhibited a door of a different 
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character, consisting of their special porous terra-cotta partition blocks set in an 
iron frame. 


GLAZING. 

Among the exhibits we discovered '' Ferro-Glas " (Fig. 7), which for novelty 
and practicability surpasses anything we have seen in glass construction, and unless 
we are mistaken we have here a new departure in the use of glass which seemed 
impossible. 

It was at Stand 111—J. A. King & Co, 181 Queen Victoria Street, London, 
E.C.—that we took a mental photograph of its great possibilities, which, amongst 
others, includes pavement and stallboard lights, roof, floor and dome lights, windows 
and borrowed lights, partitions, lantern and lay lights, etc., ctc. 

Briefly, it тау be described as being made up of translucent glass blocks in all 
possible sizes and thicknesses, assembled and reinforced with mild steel rods and 
cement mortar, giving in the case of all horizontal 
constructions a crystal glass ceiling with practically 
invisible joints, and at the same time a weight- LL ў 
carrying construction. The advantages of thus a 
combining floor and ceiling together with artistic Р | 
effect need no further comment. 

The advantages claimed are fire resistance, great Hi 
bearing strength, minimum expense for maintenance, 
maximum light, no shadow cast as in iron-frame 
construction, no painting necessarv, no iron to rust, 
easily cleaned, rapid construction, artistic effect. 

Another interesting construction of asomewhat simi- 
lar nature was the “ Ferrostone" glazing bars, manufac- 
tured bv the British Stone and Marble Co., Ltd. (Fig.8.) 
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Fic. 7. Messrs. J. A. Kina & Co.'s '" FERRO-GLAS."' 


Though not made of concrete, they are made of reconstructed stone, and greater 
life than the ordinary glazing bars is claimed for them, as also greater fire resistance. 
The manner of making these is interesting. The waste chippings of any suitable 
building stone are crushed to a granular state. This grit is then mixed with a definite 
proportion of lime made from dolomite, which has been calcined in closed retorts. 
The mixture is slaked and applied in a mould round the reinforcing steel bars. The 
whole is then subjected to a total pressure of eight thousand tons in a special 
hydraulic press, and the slabs when they leave the same are of the consistency of 
soft chalk, and therefore easy to work. Before hardening sets in these slabs are 
formed into separate bars of the required section by means of a special machine, 
and the bars are next dried at a temperature of 100? to 120° Fah., being then placed 
in stecl tanks from which the air has been exhausted. Here they are subjected to 
the action of carbonic acid gas, obtained from the calcination of the dolomite above 
referred to, until the hydrate of lime is completely carbonated. 
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While on the subject of glazing, reference may be made to the exhibit of Messrs. 
Pilkington Brothers oí wired glass for fire-resisting purposes. This, in a sense, is rein- 
forced glass, reinforced both for the purpose of strength and to resist fire. When 
subjected to heat the glass, of course, cracks, but cannot fall out because of the 
embedded meshwork of wire. The result is that the glass will not cause damage by 
falling, and flames are not permitted to pass, so that a draught of air which might 
fan the flames is obviated. It may be remembered that this form of glazing passed 
several severe tests at the British Fire Prevention Committee's testing station. Wired 
glass is now used extensivelv in places where it might possibly be fractured in an 
accident, and ordinary glass would be liable to cut persons and cause serious injurv, 
if not loss of life. 

| GENERAL. 

Concrete buildings are often faced externally either with rough cast or plaster of 
an ordinary character. А form of such decorative treatment was shown by Afr. 
Masters Binning, called '' Stonament." The material is applied on the surface of 
concrete or stonework in situ, and gives the appearance of newly worked stone. It is 


Fic. 8. THE BRITISH STONE AND MARBLE Co.'s " FERROSTONE '' GLAZING Bar. 


advocated for renovating old buildings, and for the finishing of reinforced concrete 
structures. Any form of stone dressing can be imitated, or rough-cast, pebble dashing, 
etc. 

Among the general trades we noted a new system of scaffolding shown by the 
Fuller’s Patent Scaffolding, Ltd. In this particular system there are neither cords, 
braces, or wedges, and the timbers are not cut, but can be utilised over and over again 
without waste. It is claimed that by this svstem 50 per cent. of labour is saved, 
while the cost of cartage and storage is reduced to a minimum. 

Messrs. Colliers, Ltd., exhibited some plain tiles from their Marks Tey works ; 
this firm also showed samples of their Cranham fireproof partition blocks and fixing 
blocks made of porous terra-cotta. These could also be supplied suitable for rein- 
forced concrete floors. 

Messrs. Carter & Co., Ltd., showed encaustic tiles for wall and floor decoration ; 
The Willesden Paper and Canvas Works, Ltd., supply their special underlining for 
slate and tile roofs; the Patent Waterproof Materials Co. also exhibited under- 
lining papers ; Messrs. Mellowes & Co., Ltd , showed their well-known patent Eclipse 
glazing, which has been on the market for a good many vears. 
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Among the plasters shown at the Exhibition were “ Sirapite," by the Gypsum 
Mines, Ltd.; ‘‘ Murite,” by the Barnstone Blue Lias Lime Co.; “ Xelite " and 
‘° Xelstone,” by Clark & Co. ; and “ Ivoril,’’ exhibited by the Ivoril Plaster Co. 

For surfacing concrete floors, '' jointless " floorings, so-called, are often employed. 
Two examples shown at the exhibition may be noted — namely, “ Marbolith," by 
Messrs. J. Sperni & Co., Lid., and ' Cork Adamant," shown by the Havana 
Exploration Co., Ltd. Messrs. J. Sperni & Co., Ltd., also showed examples of their 
terrazzo mosaic paving. 

Messrs. A. C. W. Hobman & Co., which firm was established in 1874, showed 
specimens of their artificial stonework and concrete mosaic pavings and stair-treads. 


ROADS 

In connection with concrete bridges we are directly concerned with road materials, 
and as this forms a necessary part of highway construction, and many of our readers 
are municipal engineers who are specially interested in roads, we deal also with this 
subject. The direction of modern road construction seems to be in the allaying of 
the dust nuisance, and the provision of a more even and a more durable road by 
waterproofing the surface, or the material of which the road is composed, with a 
composition of a flexible nature. As regards materials entering into the general 
composition of roads which are treated in some way, there are the several kinds of 
tarred or asphalted macadam. The Trinidad Lake Asphalt Paving Co., Ltd , called 
special attention to the roads of macadam laid by them with a matrix or cementing 
material consisting of refined Trinidad Lake bitumen specially prepared for the 
purpose, the aggregate in these roads consisting of broken granite, limestones, or 
broken clinker. The asphalted macadam is laid in various depths from 1} in. up to 
4} in. “ Lithomac " 15 a composition of the Limmer Asphalte Paving Co., Ltd., of 
“ Jithofeltic ” material mixed with either whinstone or granite chippings. “ Lithomac "' 
is laid în situ whilst in a heated state, on a prepared foundation of any existing macadam 
road which can be rolled to a solid surface. This company also supplies '' Lithofelt ’’ 
paving blocks, which are used for street paving. The Brodie system is another form 
of macadam road, which was shown by Taroads Syndicate, Ltd. Messrs. Tarmac, Ltd., 
showed their tarred slag for macadam roads ; this system has been very extensively 


used throughout the country. ‘‘ Rocmac, Ltd." though it contains neither tar, pitch, 
nor oil, is a solution which forms in combination with crushed limestone a binder for 
roads. “ Roadoleum Asphalt " was also shown, and is supplied as a dressing and 


binder for macadam roads bv the Anglo-American Oil Co., Ltd. ; whilst another binder 
shown was '' Ferromac," made by Roadite, Ltd, The other road surfacing materials 
are mostly of the nature of tar sprayed on to the surface of the road by means of various 
machines, such as those shown bv Messrs. W. Weeks & Son, Ltd., Bristowe & Co., 
Ltd., H. V. Smith & Co., Ltd., Ames, Parker, Ltd., Llewellins & James, Ltd., and 
Johnston Brothers. The materials of this nature which were shown consisted of 
Clare's ‘‘ Tarco," by Taroads Syndicate, Ltd.; ‘‘ Tarvia," bv Bristowe & Co.,Ltd.; and 
“ GlIutrin," by the Robeson Process Co. These materials are a cheap expedient for 
preventing roads dusting, and increase the durability of the roads. Another material 
to prevent dust is “ Akonia," which is either sprinkled on the road as a solution, or 
dusted on the road surface in the form of dry powder. This material, which is supphed 
by Akonia, Ltd., is hygroscopic—.c., it absorbs moisture from the air, and so con- 
stantly keeps the road surface damp and prevents dusting. 
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DESIGNED ON THE HENNEBIQUE SYSTEM. 


By ERNEST R. MATTHEWS, F.R.S.(Ed)., A.M.Inst.C.E.., 
Borough Engineer of Bridlington. 


A numter of notable bridges have been designed on the Hennebique system, and, 
having regard to their tmportance, we have accorded them a special article which, 
apart from the highly interesting technical data, indicates the wide field covered 
nowadays by reinforced concrete. The article should be instructive reading to those who 
have to decide on the type of bridges to be used in our islands.—ED. 


Tne author proposes in this article to describe some of the best examples of 
reinforced concrete bridges designed and erected on the Hennebique system. 
He will deal only with bridges of the arch type, as this is the class he 
recommends wherever it is practicable to erect such a bridge. 

Arch Bridges.— he ribbed arch construction of Hennebique has been 
employed in some of the longest span arches ever built, one of the best examples 
being the three-span highway bridge built in 1903 over the River Aisne at 
Soissons, France. The spans are respectively 24:25т., 24:48m., and 24:25m. 
The Chatellerault Bridge, France, is another excellent example; this is one 
of the longest span arch bridges erected in reinforced concrete. It has been 
constructed over the River Vienne, and was erected in 1899. It has a centre 
span of 50m. (164 ft.), and two side spans of 40m. (131 ft.) each; the total 
length of the bridge teing 443 ft. 

Practically every system of reinforcement is adaptable to arch construc- 
tion. This type of bridge is also very much more graceful in appearance than 
the ordinary girder tvpe, and quite as economical. 

Advantages of Reinforced Concrete in Bridge Construction.— These may 
be summed up in a few words. Reinforced concrete bridges are : 

(1) Economical as regards first cost, a considerable saving being effected 
over other materials, such as steel, brick, and stone, or a combination of these 
materials. 

(2) Upkeep is practically nil, while in other materials this is a considerable 
item. 

(3) More graceful in appearance than steel trusses, or girders. 

(4) Can be erected in shorter time than when any other material is em- 
ployed. 

(5) Proof against earthquake shock and fire. 

(6) Any slight settlement of the foundations is less likely to affect a bridge 
built of this material than when in any other. 
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Hennebique Bridges.—The author will now describe several typical rein- 
forced concrete arch bridges, all of which have been constructed on the Hennebique 
system. He will first deal with a viaduct built for the Pennsylvania Railroad 
Company. 

(a) Viaduct at Scenery Hill, Philadelphia.—This viaduct was built in 
I909. It spans the railway line, and is entirely of reinforced concrete. It is 


Fic 1. REINFORCED CONCRETE VIADUCT AT SCENERY HILL, PHILADELPHIA, 


illustrated in Fig. т, and is a light and elegant structure. The arch has a span 
of 33m., and the roadway carried by the bridge is 32m. above the rails. It 
might be mentioned that the work was carried out by the Hennebique 
Construction Co., of New York, who have erected many bridges in the States. 
The bars used as reinforcement were plain, Hennebique stirrups being hooked 
to these as a secondary reinforcement. 

(^h Bridge at Oliveira de Prades, Portugal.—This is illustrated in Fig. 2, 
and consists of an arch of 32m. span, which connects the rocky sides of the 
Vouga. A steel bridge was practically out of the question in this case, as there 
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were no roads giving access to the spot, and there would therefore have been 
great difficulty in transporting—a distance of 55 kilometres—the heavy pieces of 


Fic. 2. REINFORCED CONCRETE BRIDGE AT OLIVEIRA DE PRADES, PORTUGAL. 


- 


mw ·. ‚ 4 


Fic. 3. A REINFORCED CONCRETE BRIDGE IN SIAM. 


steel forming the various parts of the bridge. It was also thought that stone 
was unsuitable owing to the severe floods which frequently occur in the river. 
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Reinforced concrete was undoubtedly an ideal material to use under such 
conditions, and the authorities recognised this, the result being that this 
material was chosen. The total length of the bridge is 44m., and since its 
erection it has had to withstand a flood more terrible than anything remembered 
in the district, the arches of the bridge being entirely submerged. Not only 
so, but trees were carried down the river, and collided with great force against 
the bridge. What was the result of this unusual test of the structure? It 
resisted the attack admirably, and not a crack presented itself, although a 
bridge of iron, wood, or stone would have been swept away almost immediately. 
This bridge is also interesting, because it was constructed (apart from carpenters 
and blacksmiths) by nine robust women, 

(с) Reinforced Concrete and the Bridges of Siam.— Two of these bridges 
are shown in Figs. 3 and 4. 


After deciding to construct a palace worthy of his capital, King Chu-la-long- 
Korn chose a site at a spot known by the name of Dusy-Park, situated in the 
broad valley of Ménam, which runs some hundred metres from there. The site 
was excellent, but the ground was little suited for the erection of heavy buildings ; 
in fact, it was scarcely able to support a weight of 600 grams per cm?. The 
engineers at first endeavoured to construct a substructure consisting of masonry 
arches, but they subsequently, after spending a large amount of money, abandoned 
this idea, as they found the scheme was unworkable. 

The work was then deferred indefinitely, until after several years the pro- 
ject was again discussed, and it was decided to make inquiries in Europe regarding 
the construction of foundations of heavy buildings on treacherous soils. 

The engineers to the Siamese Government adopted the process of mechanical 
compression of the soil. The arches referred to were bound together and 
strengthened by reinforced concrete soles. 

446 


SOME FOREIGN BRIDGES. 


E 
Е 


Á 
~ 


REINFORCED CONCRETE BRIDGE OVER THE ARROYO CANELON CHICO, URUGUAY. 
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This was the first time that this material had been used in that distant 
country. 

The floors of the palace at Bangkok and also the central cupola were con- 
structed in reinforced concrete. 

At the same time several bridges of various spans were erected in this 
material by the Siamese administration. Illustrations of two of these are here 
given. Fig. 3 illustrates a bridge situate at 3 kilometres from Bangkok over 
the Klong-Mahanak. The foundations and abutments are of reinforced con- 


crete, and form hollow caissons in order to distribute the weight over a large 
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Fic. 6. REINFORCED CONCRETE BRIDGE OVER THE BIENNE AT SAINTE CLAUDE. 


area, and with a view of limiting the co-efficient of work of the soil to 700 grams 
per ст“. 

The work took only three months to execute. The bridge is artistic in 
design, the Siamese being excellent decorators, and the king expressing a desire 
that this structure should be verv ornamental. 

Fig. 4 represents another reinforced concrete bridge erected for the Siamese 
Government. It is similar to the one just described, and was also constructed 
on the Hennebique system. It spans the same river. It is situate 2 kilo- 
metres further up the river. The foundations are on timber piles. The '' Басе” 
of the abutments and the foundations are preserved from corrosion of the waters 
by masques of reinforced concrete descending to 3 metres, and downwards below 
the lowest tide. 
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This bridge was constructed entirely by Siamese labour, while that illus- 
trated in Fig. 3 was built chiefly by European workmen (French). 

The former took four months to complete, and in connection with it 
800 piles were driven. 

It míght be mentioned that the administration are pleased with these struc- 
tures, and the King of Siam has shown a great interest in their construction. 

(d) Bridge over the Arroyo Canelon Chico (Uruguay ).—- Another bridge 
of considerable importance will now be referred to. This was built in Uruguay 
in 1509, the contractors being Messrs. Monteverde & Fabini. The bridge spans 
the Arroyo Canelon Chico, and consists of a single arch of 35 metres span. 
It is 7'5 metres in width, and is light and artistic in appearance. It is 
illustrated in Fig. 5. 

The abutments rest on piled foundations, and are of reinforced concrete. 
The work was commenced in January, 1908, and completed in August. 1900. 

Thebridge was designed by Juan P. Fabini, and executed under the supervision 
of the engineers, Luis. P. Ponce and Francisco Iglesias Hijes, officers of the State. 

The total length of the bridge is 47 metres. 

(e) Bridge over the Bienne at Sainte Claude ( Jura). — This Беке. 
shown in Fig. 6, 15 also built entirelv of reinforced concrete, and represents а 
fine piece of engineering work. It crosses the Bienne at 35 metres height by 
an arch of 65:7 metres span, the rise of the arch being onlv 5:38 metres. 

The test of 70,000 kilos on the footpaths and $0,000 on the roadway showed 
a deflection of only 17 mm., which immediately disappeared upon the removal 
of the load. 

The total length of the bridge is 96 metres. A brief history and descrip- 
tion of the bridge is as follows: On the right bank of the River Bienne, near 
to the railwav station, is situated the only land on which this industrial town 
can be developed. Until the bridge here described was erected there was no 
direct connection between this land and the town itself. St. Claude possessed 
two bridges, one situated at the northern and the other at the southern end 
of the town. These bridges were notoriouslv insufficient, and for a long time 
the authorities had under consideration the erection of a central bridge. The 
public body moved, however, so slowly that private enterprise eventuallv had 
to undertake the project ; and so the central bridge was built (independent of 
any financial support by the public authority), thanks largely to the enterprise 
of M. Brizon, President of the Tribunal of Commerce of Lyon, who presides 
over the Council of Administration of the Society of ‘ New Bridges and Districts 
of St. Claude." This bridge, as stated, is of reinforced concrete on the Henne- 
bique system. The arch is 50 centimetres in thickness, transverse walls are 
built every 2 metres apart, and the whole structure forms a monolith. 

The lightness of this structure shows the advantage of using reinforced 
concrete from the point of view of the saving of material. 

The bridge has a width only of 4 metres at the centre. The roadway and 
footpaths, however, have a width at this point of 5°20 metres, while above the 
abutments this width is increased to 11:40 metres. It is doubtful if a bridge 
of this shape could have been constructed with anything like economy in any 
other material than reinforced concrete. 
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The projecting footpaths and roadway are carried by reinforced concrete 
brackets of extremely simple and light design, and these have a very pleasing 
effect from an architectural point of view. 

The bridge is on the skew, the abutments forming between themselves an 
angle of 21°. The springing of the arch on the right bank is 1°35 metre above 
that of the left bank. The plans were prepared and the work executed in 
I3 months. The bridge was completed in August, 1909. 

It might be mentioned that the winter at St. Claude is particularly severe, 
and it is no unusual thing for the temperature to drop to 20° below zero. 

The bridge was tested upon completion, and in every way satisfied the 
engineers to the authorities. 

(f) Bridge at Mescla ( Alpes-Maritimes).—-This bridge, shown in Fig. 7, 
has a free span of 60 metres between the abutments. 

The work tcok 95 days, and the engineer in charge was M. Arnaud, Chief 
Engineer des Ponts et Chaussées. 

The bridge will take a moving load of 105 tons at a speed of 30 kilometres 
an hour. 

Conclusion.—lhe author would repeat what he has expressed so often— 
that, in his opinion, reinforced concrete is an ideal material to use in bridge 
construction. 

He would, in conclusion, express his indebtedness to Monsieur Hennebique, 
of Paris, for kindly furnishing him with so much information regarding these 
interesting structures, and to Mr. J. Matthews, the postmaster of Deal, for kindly 
translating this information. 


RAPID FACTORY CONSTRUCTION. 


RAPID RE- 
INFORCED 
CONCRETE 
CONSTRUC- 
TION ON 
THE 
MICHELIN 
TYRE 
FACTORY 
AT FULHAM 


о в e 
It affords us considerable pleasure to illustrate a factory built in London which has 
been erected very rapidly in reinforced concrete, and which serves to prove that 
reinforced concrete work, if properly organised, in no way delays the construction of a 
building of this ENS СИП, 


THE above building is erected on an island site with a floor space of about 
100,000 ft., and bounded on all sides by roads: Fulham Road, Leader Street, 
Sloane Avenue and Lucan Place. | 

The basement contains all the machinery, including the engine repair s hops, 
pneumatic compressor, electric light, heating and ventilating, etc., etc. 

The ground floor has a main entrance in Fulham Road so arranged that 
cars can drive through one gate into the building to be fitted with tyres and 
leave by another gate. Оп this floor is situated the sale room, touring office, 
tyre store, loading stages (of which there are eight, so that eight railway vans 
can be dealt with at one time) and at the tack is a garage for accommodating 
thirty or forty cars. 

The upper part of this building, approached by two staircases and two 
lifts, accommodates the office staff of some 300, the directors’ room, board- 
room, etc. 

The building was designed by Mr. Espinesse, the reinforced concrete work 
was by Messrs. Mouchel & Partners, and the whole of the work was carried out 
by Messrs. W. J. Fryer & Co., of Bravington Works, Paddington. 

It is often said that reinforced concrete work takes much longer than 
ordinary brick work and steel construction ; this is quite a mistaken 1dea, as 
this huge building was erected in the record time of five months, and speaks wel 
for the organising power of the engineers and their contractors. 

It is interesting to note that some few years back Messrs. Fryer anticipated 
that there would come a time very shortly when in order to meet competition 1t 
would be necessary for manufacturers to rebuild their factories, and they have 
specialised somewhat in this class of work, as not only do they erect the building, but 
also have a large staff of engineers to carry out the equipment of the plant, electrical 
or otherwise, which naturally enables them to bring the different sections of the 
work much more rapidly to completion, 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. —ED. 


IRISH ROAD CONGRESS. 


THE PLACE OF REINFORCED CONCRETE IN 
MODERN ROAD CONSTRUCTION. 


By Professor C. W. L. ALEXANDER, M.E., Assoc.M.Inst.C.E., University College, Cork. 


We give below an extract of a short paper read by Professor C. W. Alexander at. the recent meeting of 
the Irish Road Congress. 
IN a country like Ireland, where distances and mileage are large in proportion to the 
resources and population, it is necessary, in designing, to keep down cost to an extent 
that is not so essential in England. In other words, if a scheme is considered necessary 
for the public convenience, the money required can generally be secured in England, 
whereas in Ireland a sum is fixed for the work by some considerations, independent of 
the engineering difficulties of the scheme, and unless it can be executed for this amount, 
it is shelved entirely. 

Modern traffic, by reason of its increased weight and speed, has imposed the 
necessitv of strengthening the foundations and crust of main roads. 1% will further 
be necessary to reconstruct a large number of small road bridges over streams and 
other similar obstacles. It is the object of the writer to draw attention to the fact 
that reinforced concrete is not onlv the best material for this work, but that it is also 
the most economical and most convenient for the conditions prevailing in this country. 

Most of these small bridges are constructed of masonry of varying quality. These 
are, in a large proportion of instances, unequal to the task of carrying heavy rolling 
loads, through—(1) Defective foundations and yielding abutments ; (2) Open joints 
and defective mortar ; (3) bad construction and shape. 

In order to decide upon the best kind of bridge to replace these old masonry 
structures, one has to consider the limiting conditions, the chief of which are : 

I. The span is short, say, from 5 ft. to 20 ft., with an average of 1o ft. 

2. The rise is limited, with the necessitv of providing as large a waterway as 
possible, with a comparatively small space between road level and the water. 

3. The foundations are very often bad, and always uncertain. 

4. The materials have to be got to the spot by cart, causing expense and delay 
where stations are remote, and much stuff has to be procured, and labour is always 
more or less unskilled. 

5. The same sort of culvert or bridge may have to be reproduced many times 
over on one main road, and dozens of times in one survevor's area. 

For a span of the length named, steel is out of the question, so that masonry 
or brick is the only alternative to plain or reinforced concrete. 

The objections to masonry are : 

т. It must be built as an arch, and engineers need not be told that, where solid ground 
is wanting, it is not possible to construct this without the certainty of having cracks. 
Masonry is slow, and the construction causes unnecessary interruption to traffic. 


It is extremely costly both in carting and in labour. 
It does not provide waterway in proportion to the weight and cost of the bridge. 
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Many of these objections apply to brickwork, which has the further disadvantage 
that it is not easv to gct a hard, durable brick on sites in outlying districts at reason- 
able cost. 

It should be noted that centering is necessary for both masonry and brickwork, 
as well as for concrete. The latter should be considered first in its plain form, and, 
secondly, when strengthened with steel. 

Advantages of Reinforced Concrete. —The special merits of reinforced concrete 
are : 

I. It need not be built as an arch, but can be made in flat beams, with an over- 
lving slab, and for the spans mentioned is by far the most economical structure, 
because— 

(a! The reactions are all vertical, and the pressure on the abutments may be so distributed, 
bv making a simple mattress inipost of concrete and bars, that settlement is improbable, and 


cannot in any case do апу harm. 
(b) The centering is all made of straight, square timber, can be constructed by any country 


carpenter, is easily fixed, and can be used over and over again. 

(c) The waterway is much greater, for the same conditions, than the arch. 

2. The amount of materials is a minimum, and the steel is of simple bars, easily 
procured, and costs comparatively little. 

These facts establish the claim of reinforced concrete to the consideration of 
county surveyors. Engineers have hitherto fought shy of it, partly because of the 
great novelty of the combination of the two materials and of the uncertainty as to the 
life of the steel. and partly because of the fact that, from the way it was exploited by 
firms holding patent rights or having patent bars to sell, they werc led to believe that 
there was some awful mystery in the design of structures in reinforced concrete. 

As a matter of fact. nothing is simpler than the calculations for beam and girder 
work of this kind. The real difficulties—and they are of a kind that all engineers 
have to cope with every day—are— 

I. The necessity of securing that the cement is absolutely right and that the gravel and 
sand are in proper proportion and suitably graded. Systematic and constant testing is essentia 
for this. 

2. Strict supervision from start to finish must be given. 

3. The centres should not be struck nor loads carried until the concrete is thoroughly 
well set. 

4. A fairly rich concrete, not less than 6 to 1, and preferably richer, should be employed, 
and the stee! should alwavs have a good covering, if possible 14 in. at least. Of course, with 
a 4 to I concrete a less covering is permissible, but economy of this kind is not advisable. 

So much has been written in the last few years on reinforced concrete that unrea- 
sonable expectations have been raised about it in some quarters, while in others, 
doubts exist as to whether it will stand the test of time. Here is a field in which 
its initial cost is at least as low as anvthing else, and its failure is no more likely than 
that of poor masonrv, at the very worst. The writer, therefore, hopes soon to see 
reinforced concrete emploved for many purposes by the road engineers in a manner 
which will tend to general efficiency and economy. 


UNIVERSITY OF TORONTO ENGINEERING SOCIETY. 
INSPECTION OF CONCRETE. 


E. A. JAMES, A.M.Can.Soc.C.E. 

The following is an abstract of a paper which appeared in the Transactions of the Univer 
sity of Toronto Engineering Society. 
IN concrete work, as in other classes of construction, good design and good materials 
are necessary, and, granting that we have good design and good materials, a class 
of well-skilled workmen should produce a finished material of a high order. Con- 
crete, however, has suffered more than anv other building matcrial bé айс of inferior 
workmen. and this has been brought about largely bv those interested in the carlv 
davs in the sale of cement, who claimed as one of the chief reasons whv it should 
be largely used was the cheapness of placing, because it did not require skilled 
labourers. Fortunately, we do not hear so much of the claim as formerly, for it 
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is well recognised that workmen can, with the same ingredients, produce various 
grades of concrete. 

Although among the first of the modern concrete structures many were well 
and substantially made, yet there were a number of serious failures, and because 
the engineers themselves were not any too familiar with concrete construction, and 
owing to the fact that most of the workers in concrete were men imperfectly skilled, 
a system of careful inspection was inaugurated. 

While the necessity of inspection depends to a certain extent upon the nature 
of the material and the production, it is always a question of just when and where 
and to what extent it pavs to inspect. In concrete work inspection must be made 
of the component parts’; the sand, the gravel, the cement, and the water must be 
examined, as well as the concrete, while it is being mixed and poured. 

System of Inspection.—The scope and possibilities of a system of inspection 
enlarges greatly with specialisation. 

Inspection should be planned to accomplish at least expense the best results, 
which may be numerated something as follows : 

I. To prevent loss or defects by accidents or delays. 


2. To prevent loss of time and material on work already bevond repair. 

3. To prevent the necessity of replacing defective work. 

4. To prevent decrease in quality because of the demand for increase in quantity. 

5. To point out imperfections in alignment, methods, and material. 

6. To record proper allowances for unavoidable extras. 

7. To draw the attention of the superintendent to workmen who must be better instructed 


or trained. 

8. To stimulate goodwill through fairness in fixing responsibilities. 

Inspection organised to cover any one or all of these purposes will be similar 
in personality, varying only with the degree of perfection required. 

Before it can be determined just when and where it pays to inspect, the following 
conditions must be satisfied : 

I. Responsibility must be fixed with certainty. 

2. The inspection must not cause unnecessary friction. 

3. The inspector must have to do with quality only, not design. 

4. Theresponsibility for defective work must be placed upon the workinan as well as upon 
the inspector. 

Responsibility must be fixed with certainty.— As inspection has for its purpose 
the pointing out of the defects, it is necessary for the inspector to be able to locate 
the cause of the defect. One of the most foolish things that can be done is attaching 
blame to the wrong person. and unless it is possible to discover immediately just 
when and where the cause of the defect lies, the fixing of responsibility is very difh- 
cult. It is therefore necessary to have the material on the ground in sufficient time 
for thorough inspection before it is mixed, for even after the inspector has detected 
the defect, the responsibility is not necessarily fixed. The error may be due to 
wrong specification, poor matcrial, defective measurement, defective mixing, or 
even unsuitable weather conditions. It is therefore necessary that instructions and 
specifications must be in writing. 

Inspection must not Cause Unnecessary Friction.—No system of inspection 
which would simplv complain of defects, without attempting to trace the cause or 
to assist in the improving of conditions, will be of any assistance. It certainly would 
not tend to happy relations between contractor and engineer. So it becomes neces- 
sary, if full benefits are to be derived from rigid inspection, not only to point out 
the defects, but the inspector should be in a position to trace the cause and to suggest 
a remedy. Defective work must be detected as soon as possible, so that the condi- 
tions under which the work was done mav be fresh in the workman's mind, and 
the responsibility with certainty attached to him when the defect is through careless 
workmanship. 

The Inspector must Examine Quality only, not Design.—To point out defects 
will not necessarily stop the repetition, and, although it тау be the duty of the 
inspector to trace the cause, fix the responsibilitv, and suggest the remedy, the 
inspector must not have to do with applving the remedv or of interfering with the 
workmen. 
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When the inspector has reported defects in material or workmanship to the 
engineer and contractor, or their representatives, he must content himself with 
awaiting the corrections through the proper officials, although it should be within 
his power to stop or reject the work until there is an opportunity for investigation, 
and to take upon himself these responsibilities he must have knowledge equal to that 
of the superintendent of the work. 

Responsibility for Defective Work placed upon the Workman as well as upon 
the Inspector. —While we have stated that the inspector should not interfere with 
the workman, yet the knowledge that he is present will have a disciplinarian effect, 
and will prevent the sacrifice of quality for quantity. Inspecting alone will not 
reduce bad workmanship to a minimum, but the workman must be supplied with 
proper tools, proper instructions, and must be trained in his work and held responsible 
for the quality of his work. He must be trained to inspect his own work. 


Plan of Inspection.—Thcre are many plans of inspection, any of which may 
get good results, and all of which may fail in securing good results. Inspection 
depends more upon the inspector than upon the method. You may have inspection 
by central bureaus which retain men who are experts in their line of work, who report 
first to their bureaus or to the engineer in charge of the work, as тау be arranged. 
You may have inspection by vour own local staff or foreman, or you may require 
such guarantee that inspection at the end of one or two year periods will be all that 
is necessary. The plan of inspection to be adopted will necessarily depend on the 
character of work being carried out. 


The Duties of the Inspector.—It should be the duty of the inspector to see that 
all forms are erected on the lines laid down by the engineer, that these forms are 
stiff and well braced, and that all material and workmanship are in accordance with 
specifications. He should look aiter the removal of forms and see that the concrete 
is not injured in the removal. 

Apart from concrete walks, form work is the most difficult to get properly placed, 
and it is much easier to develop a good inspector out of a good carpenter than out 
of a good concrete worker. 

If the work is to be done at night under artificial light, it will be necessary to 
increase the staff of inspectors, for concrete that can be detected in the daytime 
by colour will not show a lack of proper mixing of materials under artificial light ; 
in fact, where, high-class work is required, or in finishing surfaces, as a rule it is better 
not done at night at all. 

The cost of inspection is variable, being in some cases as low as 1 per cent. of 
the total cost, and as high as 2} per cent. 


CANADIAN CEMENT AND CONCRETE ASSOCIATION. 
SOME EXPERIMENTS WITH CEMENT TILES. 


Paper by By PROF. W. H. DAY. 
(Ontario Agricultural College, Guelph, Canada.) 


Below we give an abstract of a paper which was read last year at the meeting of the Canadian Cement 

and Concrete Association by Professor W. Н. Day. 
Since the Ontario Agricultural College began College Extension work on the subject 
of farm drainage, some five vears ago, there have been numerous enquiries for informa- 
tion on the subject of cement tiles. People usually wanted to know two things: first, 
whether the cement tile could be made cheaper than the clay tile; and, secondly, 
whether they would be durable. 

For use in our experiments on the cost of manufacture the London Concrete 
Machinery Companv furnished us with one of their two-piece cement tile machines, 
since taken off the market. And the experimentation was undertaken by Mr. А. M. 
Shaw, one of our students, who had had considerable experience in cement work with 
his father, the late Mr. Robert Shaw, of Niagara Falls, Ontario, who for several vears 
did much of the road contracting in his locality. 

While writing the report of these experiments in the latter part of the vear we 
learned of the controversy over the durability of cement drain tiles. We decided to conduct 
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some tests in order to learn for ourselves something about the solubility of cement, and 
to deduct from the information thus obtained some idea of the probable durability of 
cement tiles. These experiments were begun in February, 1909, and have been con- 
tinued until the present. 


THE COST OF MAKING CEMENT TILES BY HAND. 

The tiles made by the London two-piece machine were hexagonal on the outside, 
being about 3 of an in. thick in the thinnest part, and considerably thicker at the 
corners. Mr. Shaw found that, mixing his own material, he could make a shade over 
боо complete 3 in. tiles іп a day when everything was once in order. "he material had 
to be mixed quite dry in order that the moulds might clean—so dry, indeed, that it was 
impossible to tamp it close enough to make a compact tile. By oiling the moulds it 
was found that the material might be mixed much wetter, but stil! not wet enough to 
make what we consider a good tile. We also thought that considerably more material 
was used in the tile than would be recessary for a round tile; and, besides, the amount 
of handling required for two-piece tiles was double that for one-piece. These features 
led us to doubt if this type of machine would ever be popular with the farmers. On 
consultation with the company we found that they had arrived at the same conclusions: 
and that they were withdrawing the machine from the market. "These circumstances 
at first led us to think that the work done on this phase of the problem was of little 
practical value, and we discouraged the extensive publication of the result, although 
we placed them in our annual report, just as a matter of record. On second thought, 
however, we have changed our opinion somewhat, for the following reason : The rate 
of manufacture determined must represent fairly well what might be expected with a 
round-tile machine of similar dimensions—the round tile would be slower to tamp, but 
there would be only half as many pieces to handle. As a matter of fact, we have 
since learned of a hand machine for round tiles, recentlv invented, on which one man 
can make about 500 tiles a day, thus establishing that the rate of manufacture deter- 
mined in our experiment is in all probability a fairly representative one. 

We found that 6 cu. ft. of sand and one bag of cement (approximatelv a cu. ft.) 
would make 78 complete 3-in. tiles. But a round tile, } in. thick, requires only 55 per 
cent. as much as the one made on the London two-piece machine, hence the material 
mentioned above would make V? x 78, or 142 tiles, providing they were tamped to 
the same compactness, As thev could be made wetter they would likely be somewhat 
compact. This, however, would be counterbalanced bv the use of another half-bag of 
cement, making the proportions 4 of sand to 1 of cement (6 to 1 is too poor for reallv 
strong tile), so that we may fairly assume from our figures that from 6 cu. ft. of sand 
and 13 bags of cement there can be made 142 3-in. tiles—sav 140 in round numbers. 
This gives us a means of arriving at an estimate of the cost of making 3-in. tiles, j in. 
thick, by hand, when the price of material is known. In Guelph we рау $1 (4s.) a 
yard for sand, and $1:90 for cement. At these prices— 

Total cost of 500 tiles ........................ $5°32 (ХІ 1s. 34.) 
Total cost of 1,000 tiles ..................... $10:64 (£2 2s. 6d.) 

The prices used in estimate mav be high in some localities, but, knowing that 6 ft. 
of sand and 14 bags of cement will make 140 tiles, and that a good man can make 
about 500 tiles a day on certain tvpes of machine, the cost of manufacture may be 
figured out to suit cost of materials in various localities, 


SOLUBILITY TESTS. 

Next we come to the solubilitv tests. 

EXPERIMENT I. Sample.—A piece of cement tile weighing 43/256 grains after being 
dried to constant weight at 215° F. This tile was made by the “ dry process?! in April, 1908, 
in proportions 6 of sand to 1 of cement. For a few days after being made it was watered 
dailv, and then it was submerged in water for a period of six weeks, after which it was 
removed to a storage cellar, where it remained until solubility experiments began. Tile quite 
porous. 

Treatment. — After the small piece had been dried to constant weight it was placed in 
distilled water for four days, then removed, dried, weighed, and again placed in fresh 
distilled water. As convenience allowed it was dried, again weighed, and once more placed 
in fresh distilled water. This was repeated 16 times, the total period of solution being 143 
days and the total loss in that time was “тіз grains. The total cement in the sample was 
71794 grains, hence at this rate the cement would all dissolve in 27°7 years. 
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The experiment was nest performed with water from the artesian wells at the College. 
This water is high in total solids, about 480 parts per million, made up chiefly of bicarbonate 
of calcium, bicarbonate of magnesium, or the compound bicarbonate of calcium and mag- 
nesium. There is also a small amount of chlorine in it. The sample was tested five times 
in this water, the total period of solution being 47 days and the total loss in weight ‘ogo grains. 
At this rate it would take only то vears to dissolve all the cement in the sample. 


EXPERIMENT Il. Sample.—A piece of tile, proportion 6 to 1, made on London two-piece 
machine, May, 1908, watered dailv for a week after making, stood in cellar till November, 
1909, mixed much wetter than sample used in experiment I., so wet that the moulds 
would not clean well. Dry weight 43'213 grains. 

Treatment. — Same as sample in experiment I., only the number of tests in distilled water 
numbered eight instead of 16, the total period in the water being 73 days. During the period 
the sample lost ‘025 grains, at which rate it would take 57'4 vears to dissolve all the cement in 
it. When put in the well water the loss in 42 days was ‘ogo grains, which rate would use up 


all the cement in 103 years. 


EXPERIMENT Ili. Sample.—A piece of wet. mixed tile, made the same time as No. 2, and 
watered and stored in the same way. Dry weight 3672795 grains. 

Treatment. — Distilled water for 73 days, well water for 47 days. 

Result. — This sample lost only slightly in distilled water, and gained '0333 grains in well 
water. At this rate it would last for ever. 


EXPERIMENT IV. Sample.— A piece of tile, proportions 4 of sand to т of cement, made оу 
George Holden of St. Mary's, on the London Automatic cement tile machine. Watered daily 
for a week after being made, and then stored in our laboratory until October, 1909. Dry 
weight 20'4792 grains. 

Treatment. — Same às in 2 and 3. 

Result. — Loss in distilled water in 73 days='0387 grains. At this rate the sample would 
last 26°5 years. 

In well water the total loss was '130 grains in 47 days, at which rate the sample would 


last only 5'1 years. 


EXPERIMENT V. Sample.—A piece of tile, proportions 4 of sand to т of cement, made by 
same maker as No. 4, cured and stored in the same way. Dry weight 35781 grains. 

Treatment.—Same as others. 

Result. — In 73 days in distilled water the loss was ‘o175 grains, at which rate the sample 
would last 102°2 years. In 47 days in well water the sample gained ‘o165 grains in weight, 
and thus would never disintegrate. 

In estimating the time that samples would last it has been assumed that they would 
be subject to solution 365 davs in the vear, and that the rate of solution. would be 
uniform. The first of these conditions certainly would not hold in practice. During 
a large portion of the year—possibly half—tiles are dry and not subject to solution, 
and, consequently, would last twice as long as the periods mentioned, provided the 
rate of solution during the other half of the vear was constant. 

We had hoped to establish something definite as to the rate of solution, but we have 
failed to do so vet. The rate of solution seems to fluctuate with some factor other 
than time, probably temperature. 

Just when our curve for rate of solution would reach a constant for two or three 
readings, this variation would occur and prevent conclusions. In all samples the rate 
of solution in distilled water appeared to fall off, slowly in most cases, but verv rapidly 
ina few, especially in the case of the clay tile. Then, placed in the well water, the 
samples all behaved irregularly at first, giving either large losses or else large gains, 
and these losses or gains fell off rapidly. 

Three other experiments were performed, which probably come nearer natural 
conditions than the previous experiments do. Three half-tiles were placed in running 
well water on May 6th, 1909, where they have been cver since. At the end of six 
months they were dried, weighed, and replaced in the water. Then last week they 
were dried and weighed again. The results are as follows: 


EXPERIMENT VII. Sample.—A half tile, proportion 6 to 1, made on London two-piece 
machine, dry process. May, 1908, watered for a week, stored in cellar. Dry weight 1,7975 
grains. 
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Treatment. — In running well water for тоф months, weighed at 6 months and at то} 
months. 
Result.—Tile gained in weight each time. Total gain 3'4 grains. 


BXPBRIMBNT VIII. Sample.—Same as in 7. Dry weight 1,91025 grains. 
Treatment.—Same as 7. 

Result.—No change in weight in first 6 months, a gain of 405 grains in next 44 months. 
These two samples would never disintegrate at this rate. 


EXPBRIMENT IX. Sample.—A half tile, proportion 6 to 1, made on London two-piece 
machine, made very wet, so much so indeed that tile would not hold shape, and mould 
would not clean. Allowed to dry, getting a few showers of rain, and then stored in cellar. 
Dry weight 2,0010 grains. 

Treatment.— Same as in 7 and 8. 

Result. — Tile lost r'go grains first 5 months and 2'70 grains next 44 months. At this rate 
the sample would last 63'4 years. 

It is worthy of note with regard to these three samples that those made by the dry process, 
and therefore very porous, were the ones to lose. 


The behaviour of these three large samples would seem to indicate that cement 
tiles in the soil, subject to running water of low temperature, are likely to last much 
longer than would be indicated by experiments with smaller samples at room tempera- 
ture. 

It is our intention to continue the work on the solubilitv, as we realize there is 
much yet to be learned about it. 


POROSITY. 

With regard to the porosity, we find that it varies with the proportion of cement, 
with kind of sand used, and also with the method of making. The more cement used, 
the finer the sand, or the wetter the mixture, the less porous the tile. But even the 
most compact ones tested were much more porous than clay tiles. 
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AT HOME AND ABROAD. 


A short summar of some of the leading books which have appeared during the last few months. 


A Specification for Reinforced Concrete 
Work. š Iban H. Scott and 
Percival M. Fraser. 


Published by Witherby & Co., Newman Court, Corn- 
hill, E.C. Fcap., 30 pages. 3/6 net. 


Several standard specifications for rein- 
forced concrete work are to be fonnd in 
the publications issued by specialist 
firms, and the Report of the Joint Com- 
mittee on Reinforced Concrete appointed 
by the Royal Institute of British Archi- 
tects, and the Report of the American 
Joint Committee on Concrete and Rein- 
forced Concrete, are both drafted some- 
what on the lines of a specification. 
Certain American publications also give 
standard specifications for reinforced con- 
crete work. Messrs. Scott and Fraser are, 
however, apparently the first professional 
writers to issue such a specification in 
this country. 

It is a useful enough document, and 
contains a few new features. Part I. 
deals with the general and preliminary 
clauses, and Part IT. with the more de- 
tailed specification clauses. Тһе speci- 
fication 1s perhaps, as one might naturally 
expect, drafted from the architect’s 
point of view, and we find clauses in- 
serted whereby the contractor holds the 
employer and the architect free from all 
claims of infringement or alleged in- 
fringement of patents. This seems to us 
an unfair clause in many cases where the 
contractor has to work to the designs of 
a specialist and, perhaps, to the designs 
of the architect, and it is hardly within 
his province to be an expert upon patent 
law, and especially is it impossible for 
him to ascertain whether patent rights 
are being infringed when he tenders and 
enters into a contract for work. We can 
quite well understand the specialist- 
designer being held responsible, or the 
architect taking the responsibility if he 
should design the work, but to throw the 
liabilitv on the contractor is not the best 
solution of a difficultv. Of course, the 
contractor can, if he so choose, get an 
undertaking from the specialist to relieve 
him from responsibility of infringement, 
but if he raises such troublesome questions 
in the preliminary stages of a job— 


‘namely, when he is first endeavouring to 


obtain the work—things are not made any 
smoother. 

We do not like a clause being intro- 
duced in a sort of surreptitious manner in 
the specification, regulating the method 
of measurement or the manner in which 
the quantities are to be taken out. Such 
a clause should be in the general con- 
ditions, where it would be more prominent, 
and also in the quantities, or, if there are 
no quantities supplied, in the form of 
tender. The contractor has a good deal 
to do, and we all know that he 15 required 
to deliver his estimate in a hurry, and 
such points as these get overlooked. It 
is all very well for the architect to shield 
himself in this way, but the contractor 
is often made the victim. The manner 
of measurement which Messrs. Scott and 
Fraser propose is that all concrete shall 
be measured the net sizes, no deduction 
being made, however, for the space 
occupied by the metal. That scems to 
us to be about the best way, but nothing 
is inferred as to whether the beams. 
columns and walls are to be stated 
separately to the floor slabs; a matter 
that is of considerable importance in 
tendering on quantities; the same in 
regard to the clause for centering which 
is to be measured the net area of the 
concrete face for which the centering is 
necessary, nothing being said as to the 
separation of beam, column and wall 
centering from the slab centering. 

We notice a clause in which the archi- 
tect reserves the right to varv the relative 
proportions of steel and concrete in the 
actual work without allowing an extra ; 
this mav be interpreted in an unfair 
fashion. Supposing, for instance, a con- 
tractor tenders for putting in a certain 
number of tons of stecl: if the architect 
likes he can afterwards insist on there 
being a lot more steel put in which may 
entail much more labour without the 
contractor being able to claim anvthing 
for the greater cost to which he is put. 
Again, we find another extremely jin- 
equitable clause in the contractor being 
required to carrv out loading tests on 
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any part or parts of the structure at com- 
pletion to the architect's satisfaction. 
This means that the architect could re- 
quire a contractor to go to verv great 
expense in carrying out excessive loading 
tests on large areas. There should be 
some specification as to the amount of 
loading that will be required, so that a 
price can be included for same when 
tendering. 

We notice clauses stating how the con- 
tractor shall center various parts of the 
work ; such matters are usually left to 
the contractor, and a general clause pro- 
vided enabling the architect to have his 
wishes attended to in case he considers 
anvthing likely to be disadvantageous to 
the work, but any detailed interference 
with the contractor in the case of center- 
ing scems to us unwarrantable. There 
are quite enough onerous restrictions 
without a contractor being governed as 
to the manner in which he shall carry out 
a job; he should at least be given the 
opportunity of displaying his ingenuity 
and intelligence in the direction of 
securing economy in centering. We 
notice that the surface of all centering, 
where next concrete is stipulated. to be 
thoroughly lime-washed or washed with 
a thin solution of soft soap and water to 
prevent adhesion. This, in our opinion, 
is another excessive provision. In the 
majority of cases it is only necessary to 
wet the centering for ordinary floors and 
beams when they have to be plastered 
afterwards. Provisions such as these 
might be inserted where a special finish 
is required ; but, in the ordinary way, if 
clauses are inserted to secure properly 
dense concrete, the contractor might at 
least be left to employ economical methods 
without the often entirely unnecessary 
cost of lime-whiting or soft-soaping. 


There is a good deal of elaboration in 
the clauses respecting the grading of sand 
and aggregate. Often the cost of such 
grading would not be warranted by the 
results obtained, the cost being more 
than the addition of extra cement to give 
the superior resistance. Furthermore, 
as long as one obtains a concrete that 
gives a required resistance, it is unncces- 
sarv to go to extra labour and cost to 
produce a concrete of higher qualitv, of 
which advantage is not permitted to be 
taken. The whole position taken by the 
specification, in our opinion, is illogical 
in this respect. 
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We think certain phrases in the preface 
a little out of place. It is hardly cus- 
tomary to find authors emphasising their 
" many years’ experience and study ”’ of 
a subject, or “ the large amount of work 
which has been carried out under its 
stipulations '"—4/.e., the specification. 


* 


Ready Reckoners for Reinforced Concrete 
Designs. By Frederick Rings, M.S.A. 


Published by the Author at Bank Chambers. 92 Tooley 
Street, London Bridge, S.E. Octavo, 14 pp. with 
4 large diagrams. Price 7/6 net unmounted; 10/6 
net mounted. 


In his book on '' Reinforced Concrete,’ 
Mr. Frederick Rings included а diagram 
for the calculation of rectangular beams 
and slabs of reinforced concrete. He has 
now published a set of four similar dia- 
grams based on maximum stresses of 
500 Ibs./in.? for the concrete and 15,000 
Ibs./in.? for the steel, and боо Ibs./in.# 
for concrete and 17,000 Ibs./in.? for 
steel. Two of the set relate to rec- 
tangular beams and slabs, and the other 
two to T beams. The formuke for the 
former permit diagrams of the form 
adopted to be accurate, but for T beams 
the form is unsuitable, and we find on 
trial the calculator to be only roughly 
approximate, and to depend upon certain 
assumptions which are not alwavs war- 
rantable in design. The diagrams give 
one fixed depth for anv load and span, 
and are based on a fixed width of table 
of the T beam. If less depth must be 
used, Mr. Rings gives an approximate 
way of determining the compressive 
reinforcement, but savs nothing about 
increasing the tensile reinforcement. He 
does not deal with increased depth of 
beam. Altogether, we are disappointed 
to find the calculators for beams of such 
very doubtful utility. Instead of their 
substantiating the author’s intention 
that thev should reduce risk of error in 
calculations, we fear that they might be 
more likely to increase it. 

Surely there is some mistake in the 
title. It should have been ‘ Rough and 
Ready Reckoners,”’ ete. 


" Engineering Construction in Steel and 
Timber.” By William Henry Warren, 
WA.Sc., M.Inst.C.E., M.Am.Soc.C.E., Challis 
Professor of Engineering and Dean of the 
Faculty of Science and Engineering, Univer- 
sity of Sydney. 

Published by Longmans, Green & Co., 39 Paternoster 
Row, London. xvi-172 pp. Large вхо Price 18/- 
net. 


Contents.—Stress, Strain, Elasticity of 
Steel; Properties of Cast-iron and 
Steel; Determination of Safe Work- 


цм ++ Ҥ--- - } КИИНИН ЛЕЛЕ УК M шн a 


"n — M À 


By CONSTRUCTIONAL 


~~, 


ing Load in Structures—Timber— 
Method for Determination of Stresses 
in Structures—Investigation of Bend- 
ing Moments and Shearing Stresses ; 
Influence Lincs—Moments of Re- 
sistance and Shearing Stress in 
Beams—Bridges and Viaducts of 
Small Span—Timber Pile Bridges— 
Graphical Statics—Braced Girders 
with Parallel Cords—Bowstring and 
Other Trusses—Slope and Deflection 
of Beams, Trusses and Girders—Con- 
tinuous Girders and Cantilever 
Bridges — Strength of Columns — 
Riveted Joints, Pins and Еуе-Вагѕ 
in Bridges; Joints in Timber Struc- 
tures—Wind Pressure—Stresses due 
to Curvature and Use of Brakes— 
Stresses іп Braced Pins—Approxi- 
mate Weights of Girders and Trusses 
—Live Loads on Bridges—Concen- 
trated Wheel-loads — Plate Web 
Girder Deck Bridge—Pratt Truss 
Bridges—Parker Truss Bridge— 
Swing Bridges—Arched and Suspen- 
sion Bridges— Other influence lines. 
The second edition of Prof. Warren’s 
book is welcome. It contains much 
valuable information treated in a clear 
and concise way. Firstly, dealing with 
materials employed in structures and 
stresses in same, it proceeds to treat of 
bending moments, shear and deflection, 
strength of columns, etc., and bridges. 
The treatment of fixed and continuous 
beams is rather too sketchy, but any 
deficiencies are atoned for by the full 
treatment of special branches of the sub- 
ject in which Prof. Warren has specially 
interested himself. In particular, we 
note some interesting and useful infor- 
mation on timber, columns and bridges, 
and original data of this kind render any 
book of value. It deserves a place in 
engineers’ libraries. 


“A Handbook of Testing Materials.” By 
C. А. M. Smith, M.Sc. (Eng J, Assistant Pro- 
fessor of Engineering, East London College. 


Published by Constable & Co., I.td., 10 Orange Street, 
Leicester Square, W.C. Large 8vo. xiit-2JN4 pp. 
Price 6s. net. 


Contents.— Introduction — General Pro- 
perties of Matcrials—Machines for 
Tension, Compression and Bending 
Tests — Strain-Mcasuring Instru- 
ments—Methods and Results of 
Tests on Materials — Torsion Test- 
ins—Impact and Hardness Tests— 
Shear and Miscellaneous Tests— 
Alternating Stress Tests—The Test- 
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ing of Cements, Reinforced Concrete 
and Stones—The Testing of Timber 
—Experiments in College Labora- 
tories—Standard Results of Tests 
on the Strength of Materials—Ad- 
miralty Rules for Testing Materials 
for Machinery — Researches on 
Combined Stress—Heat Treatment 
of Steels — Bibliography — Useful 
Constants. 


The subject of testing materials is of 
the greatest importance in engincering 
practice. Far too little knowledge is 
ordinarily possessed of materials. Many 
persons design structures without ever 
having really obtained a knowledge of 
materials first-hand by experimental 
testing. This is a great pity, for such 
designing must be inefficient. The suc- 
cessful engineer 1s the one with a first- 
hand knowledge of materials. That 
stamps the practical engineer, and those 
with such knowledge who аге even 
deficient in grasp of higher theory have 
mostly been responsible for our great 
engineering works. We therefore take the 
keenest interest in this branch of the sub- 
ject, which is perhaps more appreciated by 
cement users than by engineers, because 
the necessity of constant testing is recog- 
nised as of first importance. We gladly 
welcome the appearance of this book by 
Mr. C. A. M. Smith, who has done much 
in increasing our store of knowledge 
respecting the mechanical properties of 
materials. His book is admirable in 
form and matter, and it should help to 
impress the professional public with the 
importance of testing materials. His work 
is mostly concerned with metals, and the 
references to cement and concrete are few 
and not of much value, but the book will 
repay the study of everyone connected 
with the building and enginecring trades. 
It is particularly useful in bringing our 
knowledge right up-to-date, for in the 
last few ycars a good deal has been donc 
to show the effects of combined bending 
and direct loading, from which we may 
judge generally that failing in ductile 
materials is by shear, and in brittle 
materials by tension. We hope to see 
many fresh editions of this book, which 
will give the opportunity for Mr. Smith 
to record the information which is fast 
being accummulated bv him and other 
enthusiastic workers. There is much to 
find out, especially regarding reintorced 
concrete. 
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Under this heading reliable information will be presented of new works in course о, 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


REINFORCED CONCRETE WATER TOWER AT WESTERLEY, R.I. 
SOME interesting features are developed by the Aberthaw Construction Company of 
U.S.A., in the methods which they employed in the construction of the reinforced 
concrete water tower, recently completed at Westerley, R.I. The accompanying 
photographs show the tower completed, and details of the steel forms and the movable 
steel staging used on this job. 

The standpipe is designed for a capacity of about 650,000 gals. of water, being 
40 ft. inside diameter with a head of 70 ft. The tower rests on a concrete slab 44 ft. 
in diameter, and 12 in. thick, which is reinforced with a network of }-in. rods, spaced 
6 in. on centres, running at right angles to each other, 2 in. below the top. 

At the slab the walls are 4 in. thick, rising with a batter of 2 ft. 5 in. on the 
inside, which, with a step-in of 1o in. at the water table, brings the wall to its ultimate 
thickness of 14 in. at a point 5 ft. above the top of the floor slab, at which thickness it 
remains clear to the top. 

The tower is covered with a low red Gustavino tile dome, the drainage from 
which will be collected in a gutter located in the cornice, and discharged to the ground 
through a leader. 

The wall reinforcing consists of twelve vertical 11-in. pipe columns made in 3-ft. 
sections, connected by ordinary pipe couplings, spaced at equal distances, and extending 
from the bottom of the floor slab to the cornice. These pipe columns have drilled in 
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REINFORCED CONCRETE WATER TOWER. 


them }-in. holes spaced the proper distance apart for attaching the horizontal rein- 
torcing rods. These rods consist of fifty 14-in. bars in the first то ft. from the base, 
thirty 1J-in. bars in the second то ft., then twenty-five 1}-in., thirty-four rj-in., 
twenty-five 1}-in., fifteen 14-іп., and ten 1} in., in each succeeding 10 ft. 

The horizontal reinforcing bars are bent around the outside of the pipe columns. 
and attached to them by 1-іп. round clamps, as shown in the accompanying illustra- 
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tion. In the first 5 ft. 8 in. from the bottom the bars are doubled, being clamped to 
the inside and outside of the pipe columns. 

The steel forms are made of 3 in. by 3 in. by }-in. angles, and }-in. boiler plate. 
The inside form is 6 ít. high, and has a key section in which the plates lap about 6 in., 
and on either side of the joint angles are securely riveted to the plates and connected 
by short turn-buckles, so that the whole form can be sprung in and reduced in diameter 
SO as to make it possible to raise it when necessary. The outside forms are made in 
seven segments to the circle, in sections 3 ft. high. On the outside forms all the rivets 
are countersunk, and the face of the angles making joints are machined so as to secure 
a perfectly smooth fit, thereby securing a practically smooth finished surface. 


465 


Digitized by Google 


NEW WORKS IN CONCRETE. CONCRETE, 


As the tower had to be made water-tight by the density of the concrete, great 
care was exercised in the choice of aggregate and cement, and in the methods of 
placing and mixing. 
One yard of stone to 
I yard of sand, 2j, 
barrels of cement to 
I yard of concrete, and 
about 5 per cent. of 
hydrated lime was 
about the average mix- 
ture used. The floor 
and the battened sides 
up 5 ft. are finished 
with a granolithic sur- 
face. 


REINFORCED CON- 

' CRETE BRIDGE AT 
POOTNUNG, 
SHANGHAI. 


This bridge is  con- 
structed over the Pie- 
hien King, a tidal creek 
with large boat traffic. 
The shore here being 
very flat, and not much 
above high-water level, 
it was found necessary 
to follow the line of the 
Chinese bridges, and 
have on the main 
creeks a height of at 
least 1o ft. clear in the 
centre of the principal 
span at high tide, зо as 
not to interfere with 
the boat traffic. 

The girders of the 
bridge are designed and 
calculated as continu- 
ous beams, resting free 
on the abutments to 
avoid any cracks result- 
ing from uneven settle- 
ment, elasticity, and the 
influences of tempera- 
ture. 

The reinforcement 
of all members of high 
tensile strength con- 
sists of Johnson in- 
dented steel bars, the 
remainder being rein- 
forced with round 
wrought iron. 

The foundations of 
the abutments rest on 
Foochow pole piles, 
and each pillar rests 
on seven reinforced 
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crete piles. To save material and weight, each pillar consists of twelve columns 
carrying the two main girders of the bridge. 


ST. BARNABAS CHURCH, DALSTON. 


HERE we have an example of church roofing in reinforced concrete. 
The building, with the exception of the roofing, is constructed throughout of 
stock bricks. The main side walls supporting the roof, and one end wall, are carried 
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on heavy reinforced concrete arches, which in turn are supported on piers ; these 
arches are continued back, and form the roof of the ambulatory. The organ gallery 
is also formed in arches and slabs of concrete reinforced with expanded stcel. 
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The main roof is 105 ft. long internally, and is composed of a barrel roof, 30-ft. 
span, over the nave; a dome, 18 ft. 5 in. radius, over the chancel; an arched roof, 
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20 ft. 6 in. span, and a semi-dome roof, 8 ft. 6 in. radius, over the apse. The height 
to the springing of the roof is 30 ft. 3 in. from the finished floor of the nave. 

The barrel roof over the nave is carried by external ribs. The soffits of these 
ribs, and the soffits and sides of the four arches carrying the main dome, are faced 
with stock bricks in cement tied by bonding irons to the concrete ; this brickwork 


SHOWING Nave ROOFING iN PROGRESS AND TEMPORARY TIMBERING TO DOME 
NEARING COMPLETION, 


facing, which forms bands or rings, is a shell, and was not calculated to assist the 
reinforced concrete in any way. 

In addition to the above, expanded steel concrete flat roofs were formed over the 
morning chapel and heating chamber. 

The whole of the roofing is covered with } in. of “ Seyssel” asphalte, put on in 
two layers, for waterproofing purposes. 

The architect for the work was Professor C. H. Reilly, M.A., the contractors 
were Messrs. L. H. & R. Roberts, Islington, and the Expanded Metal Co., Ltd., the 
sub-contractors for the whole of the reinforced concrete work. 


F2 469 


NEW USES FOR CONCRETE. CONCRETE. 


NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railwa 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required. —ED. 


SMALL PIERS OF REINFORCED CONCRETE. 
WE are illustrating a small pier in the Shetland Islands, built of reinforced concrete, 
with the view of indicating the utility of this material for small works in which it 
was formerly usual to apply timber. 
Vaila Harbour is a bay, or boe locally called, on the west coast of Shetland, 
20 miles north of Scalloway, the principal west side harbour of Shetland, celebrated 


REINFORCED CONCRETE PIER AT VaiLA HARBOUR, SHETLAND. 


for its herring fishing and curing. Walls is the village served by the weekly steamers 
which call at Vaila Harbour, and it is the centre of a large and populous district for 
a radius of 30 miles, in which cattle, ponies, and sheep are reared and exported to the 
south. It is also visited by anglers for good sea trout fishing, and there is some 
herring fishing in the season. 
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REINFORCED CONCRETE PIER AT VAILA HARBOUR, SHETLAND. 


EEE RINI SMALL PIERS OF REINFORCED CONCRETE. 


The pier, for the use of the steamers, has been built by the aid of the Congested 
Districts Board for Scotland, and by the local subscription of the landowner, Mr. 


REINFORCED CONCRETE RAILWAY SLEEPERS, PENNSYLVANIA, U.S A. 
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Н. Anderton, of Vaila, whose residence is Vaila Castle, on the Island of Vaila, which 
closes the bay from the Atlantic Ocean. The pier is built of reinforced concrete on 


47! 


NEW USES FOR CONCRETE. TONCDI 


the Hennebique system, and was designed by Mr. Woulfe Brenan, M.I.C.E., of 
Oban. 

The pier head is 80 ft. long, 24 ft. wide, and contains steamer offices and store- 
house. The approach is 
by a viaduct 113 ft. in 
length, carried on rein- 
forced concrete piles and 
flooring, and the land- 
ward end is formed of 
concrete walling and 
quayage, and a boat slip 
of the same construction. 
The depth at the pier 
front is 16 ft., and the 
sea bottom is composed 
of large boulder gravel of 
massive size, into which 
the piles were driven with 
some difficulty. The con- 
tractors were Messrs. R. 
Thorburn & боп, of 
Edinburgh, and the En- 
gineer inspecting for the 
Government Department 
was Mr. A. Coles, engineer 
to the Secretary for Scot- 
land. Mr. W. A. Knight 
was joint Clerk of Works 
for the Government and 
the Harbour Trustees. 

The pier was opened 
for trafic in February 
last. 


REINFORCED СОМ. 
CRETE RAILWAY 
SLEEPERS. 


THE question has fre- 
quently been ventilated 
whether reinforced con- 
crete railway sleepers are 
suitable for high-speed 
traffic. We thus illus- 
trate some sleepers used 
on a high-speed hard 
surface track of the 
Pennsylvania lines by 
way of trial for a period 
of three years, and we 
understand that these 
sleepers hold the surface 
better than the usual 
wooden sleepers, as thev 
are heavier апа bed e e T > 
better. The sleepers here DE EE E 7А 
under investigation are REL IQ tr J га on eens I 
advocated by Mr. Riegler, н e 


REINFORCED CONCRETE FENCE Posts, SWANSCOMBE. 


472 


[gr CONSTRUCTIONAL REINFORCED CONCRETE FENCE POSTS 


and have been found to be more satisfactory than some others that have been under 
test. Itshould be specially mentioned that the trains passing over the sleepers illus- 
trated are generally very long ones of heavy tonnage. 

Particulars can be obtained by applying to Mr. L. Riegler, North-West System of 


Pennsylvania Lines, Pittsburg. 
FENCING. 


WE have frequently referred to the advantages of reinforced concrete for fencing. 
There is no necessity for us to enter into the discussion of the subject again, but we 


REINFORCED CONCRETE SYPHON, LCS ANGELES. 


illustrate some recent fencing put up very economically at the Associated Portland 
Cement Manufacturers’ works, near Swanscombe. The fencing runs through Swans- 
combe Wood at Galley Hill, and full particulars can be obtained from the Associated 
Portland Cement Manufacturers’ Gravesend office. 
REINFORCED CONCRETE SYPHON. 

THE Los Angeles aqueduct involves numerous syphons required to cross depressions 
below the hydraulic grade line. It was originally intended to use steel pipes for these 
syphons, but later it was decided that they should be constructed of reinforced concrete. 
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А site was chosen about 3o miles from Los Angeles, where the aqueduct crosses 
the drainage of the country and passes through the foot-hills of the mountains on the 
coast, so that the construction consequently consists of a series of tunnels through 
the hills and syphons across the intervening valleys. The lowest point of the valley 
across which the reinforced-concrete syphon has been built is 65 ft. below the hydraulic 
grade line of the aqueduct. The syphon connects the portals of two tunnels on 
opposite sides of the valley, and has a total length of 955 ft. As the sides of the 
valley adjacent to the portals of the tunnels are on steep slopes most of the syphon 
operates under a head close to the maximum. 

A water course in the valley that is crossed carries a large flow during flood 
periods. In the lower part of the valley at the crossing the soil consists of coarse 
gravel and sand, while the hillsides are of hard clay. The syphon was therefore 
located in an excavation deep enough to secure a minimum cover of about 1 ft. 
over its arch. Thus all liability of danger from scour was considered to be 
eliminated. At the lowest point on the syphon a Io-in. blow-off pipe was pro- 
vided, with a gate valve in a 3 ft. by 4 ft. concrete chamber, which was constructed 
as a part of the concrete in the syphon. А vent, consisting of 650 ft. of second- 
hand 12-in. pipe. embedded in concrete, carried the water to a point in the valley 
about 1 ft. in elevation below the bottom of the syphon. 

The interior diameter of the syphon is 10 ft., and the uniform thickness 9 in. 
the full length of the syphon. It is reinforced with plain round rods, the concrete 
consisting of a mixture of one part Portland cement, four parts sand and gravel. The 
concrete was mixed quite wet, and was thoroughly spaded in the forms, in order 
to secure a shell as nearly water-tight as possible. The forms for the svphon were 
built in 6-ft. lengths, each 6 ft. form consisting of eight sections, each section 
having 2-in. plank ribs cut to the curve of the inside of the syphon. These ribs 
were spaced 2 ft. apart on centres, and were nailed at both ends to a horizontal 
2-in. plank, these planks on the abutting edges of the section enabling a smooth 
joint to be secured on the outside. The ribs were lagged with 2 in. by 6 in. pieces, 
dressed on the exposed side, and with their edges cut to the radial lines of the circle 
of the syphon. 

Small concrete blocks were set up in pairs on the bottom of the trench, to provide 
a support for the lowest section of the forms. These blocks were made 4 in. thick, 
12 in. wide, and about 12 in. high, with their tops cast to the curve of the inside forms 
of the syphon. They were spaced uniformly, 6 ft. apart, in two parallel rows, so that 
cach end of each bottom section of the6-ft. lengths of forms was carried by a pair of them. 
This arrangement ensured the correct alignment and grade of the forms, and also 
permitted the concrete to be poured readily, since the small blocks became a part of 
the shell. 

Work was started on one side of the valley and carried up the adjacent slope. 
Forms were built for a length of 120 ft. of the swphon, and the inside forms were all 
set up in place before the concrete work was started. The two side sections of each 
length of forms below the horizontal diameter of the latter were seated on the bottom: 
section, and were held together at the top bv a 4 in. bv 4 in. cross brace. These 
braces also engaged the bottom of the sections at the haunches of the arch. The latter 
sections and the two directly above them were cross-braced at their junction in the 
same manner. As soon as each eight sections of a 6 ft. length were placed, the circular 
reinforcing rods were put around them so these rods could be distributed later without 
difficulty. When the inside forms were ready, the circular reinforcing rods were 
spaced properly and blocked up in place from the forms. Then circular ribs were set 
to support the outside forms of the barrel of the svphon. 

The method of pouring the concrete was first to fill the bottom of the trench for 
a length of 40 ft. Then the outside lagging, consisting of 2 in. bv 6 in. pieces of the 
same length as the lagging of the inside forms, was set to a height of about 2 ft. on 
both sides for a length corresponding to the amount of concrete base already pourcd. 
When the concrete rcached the top of this lagging more of the latter was set, and so 
on until the length of the svphon on which work was in progress had been completed. 

The results obtained were entirely satisfactory. After the first half of the total 
length had been completed, it was backfilled, and then a pool of water was allowed to 


474 


REINFORCED CONCRETE SYPHON. 


stand over the backfill for some time subjecting the concrete to an external head of 
5 ft. to 8 ft. Under this head the interior of the syphon was absolutely dry, not even 
a sweat occurring after the concrete had hardened thoroughly. 

The syphon was built at a cost of about £4 4s. per foot, including all expenses, 
supervision, and engineering, but excepting administration and the depreciation of 
construction plant. Mr. Wm. Mulholland, M.Am.Soc.C.E., is the chief engineer, and 
Mr. J. B. Lippincott, M.Am.C.E., assistant engineer of the aqueduct. Mr. D. L. 
Reaburn, M.Am.C.E., engineer of the Saugus division, had direct supervision of the 
construction of the syphon, and Mr. A. P. Cox, superintendent of construction, was 
immediately in charge of the construction. 


POLYCHROME CONCRETE. 
А MATERIAL which hardens into permanent stone, the component parts of which 
may be pre-selected and modelled into shape to meet the requirements of the use and 
fancy of the designer, has the distinct advantage of obtaining both colour and texture 
at a cost far below that of cut stone. 

Our illustration shows the polychrome concrete vase exhibited at the Architec- 
tural League, Fine Arts Building, New York, during February, 1911. The materials 
used for this vase were “ Vulcanite ” 
Portland cement, crushed black and 
crushed yellow marble screenings, all 
passing through a 8 screen (4 in. 
mesh), black and yellow marble chips, 
all passing through a } in., and all 
collected on a }-in. screen. 

These aggregates were mixed 
medium wet and moulded in a plaster 
mould. As soon as the concrete was 
hard enough to hold in shape, which 
took about 48 hours, the inside core 
was removed. Inspection would then 
show as to whether it was safe to 
remove the outside mould. If suffi- 
ciently hard, the outside mould was 
removed and the surface immediately 
scrubbed with a stiff house scrubbing 
brush and water. If this failed to 
remove the surface coating of cement, 
a wire brush was used. The concrete 
was brushed until the larger aggregates 
all appeared, and in order to obtain 
texture the brushing was continued 
until they were thrown slightly in 
relief. 

The vase was then cleaned off 
with water and kept damp for a 
couple of weeks, after which it was 
washed off with a solution of dilute 
muriatic acid, 5 parts water. The 
acid was left on for a couple of 
minutes, and then scrubbed off with POLYCHROME CONCRETE VASE 
clear water and a scrubbing brush. 

The effect as to colour, texture, and form is permanent. The bonding material 
(Portland cement) is removed from each particle of stone, there being no artistic, 
practical, or technical reason why the bonding material alone should be displayed to 
the eye. 

This opens up a wide field for garden ornaments, decorative panels, and balustrades 
for bridges, etc. The method and effect undoubtedly comply with all the fundamental 
principles of art. 
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Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Methods of Giving Concrete a Polished Surface.—^ great deal of attention has 
been given to, and many experiments made for, the discovery of a practical method of 
producing polished concrete. 

A process for this purpose is not impossible, says Mr. A. A. Houghton, and while 
it is yet unperfected for practical work, it is easily seen that the present manner of 
moulding concrete must be changed to secure surfaces upon which to work. 

Any stone that is compact or with a very fine grain will take a polish to a greater 
or less degree under friction. Concrete, made with Portland cement in the usual 
manner, will not give a polish under friction. The cement crystals filling the voids 
between the particles of the aggregate occupy a large portion of the surface of the 
work, and while penetrating all penetrable surfaces of the aggregate and cementing 
all parts in a most tenacious manner, yet these cement crystals are soft and yielding 
in composition in comparison with the aggregates they unite. When subjected to 
friction or any grinding force they are easily reduced to a powder without securing a 
smooth, hard surface capable of reflecting light. 

There appear to be two solutions of this problem which should lead to successful 
results. Опе is the perfection of a material which has all the cementing properties of 
Portland cement and the polishable properties of Keene’s cement on recalcined plaster- 
of-Paris. 

Another and a more ready method would be to incorporate the aggregate in the 
slab or block of concrete with the least possible amount of Portland cement upon the 
surface. Thus, if the aggregate were lightly sprinkled into the mould in a clean, 
drv state, so as to cover the surface of the mould, and the concrete tamped upon this 
laver, to cement the dry aggregate firmly in the body of the work, with the cement 
upon the under side only, the result would be a face composed entirely of rock which 
might be polished. 

Another procedure along this line would be to cover the surface of the work with 
dry aggregate, while still in the mould, and by pressure embed it in the concrete, so 
as to cement the aggregate upon one side only, with the minimum of cement between 
the particles of stonc. 

To mould concrete with a smooth, glossy surface would depend upon a very 
smooth moulding surface. Where the work is a flat slab or block, sheets of glass 
mav be emploved for this moulding surface. To line the surface of the mould with 
sheets of glass cut to the right size is very simple, far more so than to mould the work 
against the glass—to av oid all chance of air-bubbles or small holes in the moulded 
work. The only way to avoid this is to place a very thin coat of rich concrete against 
the glass ; this, when of a thickness of } in. to 2 in., permits the trowel to press the 
surplus water to the surface and away po the glass, making the mortar, directly 
against the glass moulding surface, as compact as possible. This could also be done 
by subjecting this thin coating of concrete to heavy pressure, so that surplus moisture 
would be drawn away from the outside surface. This thin coating of mortar is then 
easily backed up with mortar placed and finished in the usual manner, and if the 
first concrete placed against the thin mortar coating is semi-moist it will help to absorb 
the surplus moisture. 
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The use of any waterproof enamel coating over a metal surface will, if properly 
applied, give as satisfactory a moulding surface as shcets of glass. This will be of 
greater value, as it may be applied to a wider variety of uses than the glass surface. 

It should be pointed out that experiments proved that concrete has a 
very slight tendency to stick to the surface coated with enamel; thus enabling 
the mould to be removed from the work without injury, even where a very wet mix is 
emploved. Considering the fact that the enamel could be easily placed upon anv 
metal moulding surface and into all its lines, thus giving a moulding surface that would 
not stick to the green concrete, and at the same time producing a finish like that of 
polished stone, this should be of great interest to cvery concrete worker using metal 
moulds, as it can be easily applied to the moulding surface. When it is properly done 
SO as to secure a smooth and perfect coating of the enamel over the metal, there would 
be no cause for trouble with a wet mix, in the facc-plates sticking to the work. 

Frozen Concrete. —Frozen concrete, asa rule, cannot be detected bv ordinary 
inspection from concrete laid under natural conditions. Cutting out a piece, placing 
it on a hot stove, and seeing whether it sweats and softens is the only reliable guide 
to determine whether the concrete has been merely stiffened up by frost or has actually 
set to an extent which would warrant the builder in trusting its strength.— Engineer. 


Testing a Cellular Reinforced Concrete Floor.—While thc Génie Civil Pavilion of 
the Brussels Exhibition was being pulled down, opportunity was taken to test d outrance 
the cellular reinforced-concrete floor that had been laid on the Herbst system, cal- 
culated to support a load of зоо kg. per sq. m. (61:4 lb. per sq. ft.) uniformly distributed. 
The floor, 7:2 m. (nearly 24 ft.) between supports by r3 m. (over 4 ft.) wide, was 
composed of five rolled joists, 24 cm. (93 in.) decp, steel-trussed, and the space between 
them filled in with concrete. On the floor being loaded to one and a half times its 
calculated resistance. it showed a deflection in the middle of 2:2 mm., equal to 1/3722 
of the span; and, on the load being taken off, a permanent deflection of 0:2 mm., 
or 1/3600 of the span, was observed in the middle. After successive chargings to 
2. 3, 4. 5, 6 and 7 times the calculated resistance, uniformlv distributed and taken 
off before each increment, the corresponding deflections were recorded. Under a 
load of 1,800 kg. per sq. m. (368 lb. per sq. ft.) the first fissures were noticed in the 
upper zone ; and at 2,100 kg. рег sq. m. (430 lb. per sq. ft.) a slight fissure showed 
itself at the middle of the lower zone. Under a load of eight times the calculated 
resistance, l.e., 2,400 kg. per sq. m. (491 lb. per sq. ft.) the floor still held good, though 
the fissures had slightly increased. For bringing about complete down-throw, the 
load was concentrated in the middle, and increased to 3,250 kg. per sq. m. (665 lb. per 
sq. ft.), when at length the floor gave wav. The results were watched by a com- 
manding officer of the Engincer Corps, representing the War Minister.—The Contract 
Journal. 


An Interesting Research has been carried out in the Natural Philosophv School 
of the University of Melbourne by the aid of funds furnished by the Government of 
Victoria, Australia, with the object of determining the effect of electric currents 
on reinforced concrete. The series of tests tends to prove : (1) That the rusting and 
pitting of reinforcing and structural steel occurs at the anode ; (2) that this rusting, 
by its growth, causes rupture of the concrete and the devclopment of large cracks ; 
(3) that very small currents—e.g., 002 amps., will cause such rusting and cracking ; 
(4) that when steel is cathode no rusting of the steel or cracking of the concrete will 
occur with currents up to ооб amps. during 200 days ; (5) that sandstone and brick 
will behave similarly to concrete, showing even less resistance to cracking ; (6) that 
damp earth supplies sufficient moisture to concrete to render it conducive to a current 
which will cause cracking ; (7) that alternating currents of the magnitude of 3 amps. 
will produce cracks by thermal action, but no rusting ; (8) that the thermal action 
when measured by a thermometer of currents of the magnitude of 0:05 amps. is 
negligible in blocks of concrete.— Гле Building News. 

Clydebank and District Water Trust have just completed an important part of 
their new water scheme. As is known, the trustees, for the first time in the United 
Kingdom, adopted the Bonna svstem of reinforced concrete pipes for the conveyance 
of water for public supply purposes. When the resolution was come to, there was 
some misgiving in many quarters as to whether their substitution for the usual 
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cast-iron pipes would realise all that was expected of them. It is claimed for the 
Bonna pipes, apart from the advantage of being cheaper, that thev last longer, and are 
immune from the corrosion and rust associated with iron pipes. The work has now 
been brought to a successful completion. The final tests revealed not a single leakage. 
The main is now discharging water to the filters at Cochno from Burncrooks, a 
distance of about eleven miles. The cost of the undertaking, even taking into account 
the repairs that were necessary when the company who held the contract retired, 
will turn out less than the lowest offer for iron pipes. Deputations from different 
corporations visited the work while it was in progress, and it is considered that any 
bad impression will be removed by a contemplation of the completed undertaking. 
Indeed, now that the merits of the Bonna system of pipes for the conveyance of water 
have been established, it isexpected that they will not be overlooked by other public 
bodies. 


Concrete Stairs.— A flight of stairs has been erected in Paris over which 14,000,000 
persons have passed without so much as scratching the surface. These steps are 
almost imperishable, for in the concrete of which they are constructed a generous 
proportion of carborundum has been introduced, and since carborundum is almost 
as hard as the diamond, it has given the concrete a wearing quality which no marble 
or granite could possibly approach. 


Subsidence at Bank of England.—Owing to the subsidence of the foundations 
of the Bank of England at the Princes Street corner it has been necessary to resort 
to underpinning. It was first discovered early in the year that something was wrong, 
for a subsidence then occurred which was signalised by a loud report heard by the 
clerks in the bill office, and left its effects in a large crack in the building near the 
ground. The work of underpinning was undertaken as soon as practicable. A raft 
of solid concrete 6 ft. thick is being inserted under the outer walls at the Princes 
Street corner, the wooden piles on which the structure has stood for about 200 years 
being cut away for the purpose. 


Experiments on Oil-Mixed Cement Mortars and Concretes.—The Office of 
Public Roads of the United States Department of Agriculture has sent us the 
following information : 

It was found a year ago last October at this office that almost any oil could be 
mixed with Portland cement after it was thoroughly wet, the oil combining with the 
cement and quickly disappearing throughout the mixture. This was also found to 
be true of mortars and concretes. In adding the oil to mortar, the cement, sand and 
water аге mixed together as in ordinary mortar, the oil being the last ingredient 
added.  Oil-mixed concrete is best made by mixing the cement, sand and water to 
a mortar, adding the oil to this mixture, and mixing until the oil is thoroughly 
incorporated. This oil-mixed mortar is then combined with the previously moistened 
coarse aggregate. 

Tests have been made on the compressive strength of oil-mixed mortars and 
concretes in comparison with plain mortars and concretes. It has been found that 
although the addition of the oil causes a decrcase in the strength, this decrease is not 
serious with the addition of oils in amounts up to Io per cent., based on the weight 
of the cement in the mixture. One year tests in compression show that oil-mixed 
concrete gains in strength with time, this being true of both air and water-cured 
specimens. One to three mortar specimens cured in air and containing Io per cent. 
of oil have shown a strength of 1,500 lb. per sq. in. as against 1,600 lb. per sq. in. 
for the plain mortar specimens. Ten per cent. mortar specimens cured in water 
have shown a strength of 2,200 lb. per sq. in., as against 2,350 lb. per sq. in. for plain 
mortar specimens. The time ' set" of mortars and concretes mixed with oil 15 
somewhat delaved. The final “ set ” of neat cement mixed with 10 per cent. of oil 
is 60 per cent. longer than that of plain neat cement. It has been found that the 
addition of то per cent. of oil renders 1:3 mortar impermeable under high pressure. 
The absorption is likewise decreased. 

In Мау, 1910, streets were constructed of oil- mixed concrete : one in New York City, 
one in Washington, and two bridge surfaces in Ridgewood, New Jersey. Some 
months ago a vault 105 ft. long by 18 ft. wide was constructed in the Treasury 
Department of this material. ‘The top was a flat reinforced concrete arch, and as 
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sufficient tests in bond had not been made, ordinary concrete was used to surround 
the reinforcement. After it had set, 3 in. of a 10 per cent. oil mixture was placed 
above. The vault has been perfectly waterproof under very trying conditions. А 
large water tank constructed in our laboratory with a Io per cent. oil mixture is 
absolutely waterproof. Extensive experiments made with oil concrete us2d in 
basement floors have given excellent results up to the present time. 

The oils that have been used to date have been non-volatile petroleums with 
flashpoints of at least 350°. 


Test of a Concrete Telegraph Pole.—^ concrete telegraph pole of the Siegwart 
type was recently tested at the factory in Lucerne in order to determine its resistance 
to bending, the load being applied at a distance of 4 in. from the top in order to s?cure 
loading similar to that to which the pole is subjected in practice. The pole was 
26:24 ft. long, and its lower end was embedded horizontally for 4 ft. in a masonry 
wall. The pole was hollow, about то in. in external diameter at the lower end, and 
about 7} in. at the upper end. Тһе annular wall was 1:2 in. thick, reinforced with 
thirty-two 1l-in. round rods at the base, and wrapped with steel wire of small size. 
The deflection was measured by a scale at the end. According to '' Beton und Eisen,” 
the pull required to stress the steel to the permissible 14,200 lbs. per sq. in. was com- 
puted as 409 lbs. The load was applied in increments of either 110 or 220 lbs. until 
it reached 550 lbs., when the deflection at the end was z:2 in. The load was then 
released to o, and the set found to be o:16 in. It was again applied and raised to 
1,320 lbs., at which the deflection was 9:5 in. Upon release the set was гә in. After 
raising the load to 1,694 lbs., where the deflection was 17:9, and again releasing, the 
set amounted to 8:3 in. The pole was finally broken under a load of 1,958 lbs., failure 
occurring at the base. The first small cracks were noted on the tension side under a 
load of 1,210 lbs., when the stress in the concrete was computed as 1,970 lbs. per 
Sq. in., and in the steel 43.700 Ibs.— Engineering Record. 


CORRESPONDENCE. 

Bosmere Bridge.— DEAR SiR,—As designers of the above structure, on which 
we notice a descriptive article in the last issue of your paper, we shall be glad if you 
will allow us space to make one or two points in connection with the design more 
clear to your readers. 

The state of the existing abutments of the bridge was such that it was not con- 
sidered prudent to allow them to take anv of the weight either from the dcad load 
or superload on the bridge. Two rows of Considere patent spirally armoured piles 
were therefore introduced, as shown in the photograph, and over these piles lonei- 
tudinal girders were run, on which the positive and negative bending moments pro- 
duced by the varying contingencies of loading were calculated. The bridge would 
therefore be perfectly stable even in the event of the existing abutments failing. 
We shall be glad if you will once again insert the photograph of the finished structure 
in order to make this explanation more clear.*— Yours faithfully, 

CONSIDERE CONSTRUCTION Co., LTD. 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


TRADE NOTICES. 

Designs and Tenders. —Mr. Vawdrey’s paper at the Concrete Institute on the 
“ Dissociation of Competitive Designs and Tenders ”' was a forcible expression of the 
somewhat unsatisfactory system under which designs and tenders for reinforced 
concrete work are at present submitted. 

It must be granted, however, that the alternative svstem suggested by Mr. 
Vawdrev, under which the designs are examined on their merits and tenders called 
for on the selected design alone, is not without its disadvantages. 

Amongst these may be mentioned the folowing : 

I. The relative cost of any of the designs submitted is difficult to ascertain with- 
out obtaining tenders, and this point is certainly involved in deciding the relative 
merits of competitive designs. 

2. The reinforced concrete specialist firms will in many cases have a greater 


*Owing to pressure of space we regret we are unab'e to insert the photograph, which appeared on 
paue 383 of our May, 1911, issue. ў 
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experience than the architect or engineer 
course, be unsatisfactory to all parties. 
3. Should the structure prove faultv, 
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selecting the design, and this would, of 


it is difficult to fix the responsibility as 
between the designer and the contractor, 
and this, without doubt, is one of the 
chief objections to this system, which 
may be described as one of divided 
responsibility. 

It is therefore of particular interest 
to note that Messrs. Trollope & Colls, 
like several other notable contracting 
firms of old standing, are offering an 
alternative solution of the problem by 
moving in the opposite direction to that 
suggested by Mr. Vawdrey, and com- 
bining in the same firm both the design- 
ing and the construction of reinforced 
concrete work. Their engineering depart- 
ment, which will not be limited to rein- 
forced concrete, will be at the firm's City 
office, 5 Coleman Street, E.C., and we 
understand that Mr. Oscar Faber, 
B.Sc. (Lond.), has been appointed as the 
engineer-in-charge. 

Messrs. Trollope & Colls hope in this 
way to avoid any question of divided 
responsibility and much of the delay 
and trouble which now so frequently 
arises under the existing system. 


Telescopic Mast and Hoist. — A 
device which should prove of considerable 
interest to engineers is being introduced 
in this country bv the Comet Telescopic 
Mast Co., of 2с Bucklersburv, London, 
E.C. We understand that the mast has 
been approved by a number of foreign 
Governments for wireless telegraphy, 
searchlight, and observation work, and the 
manufacturers are now actively engaged 
in its application to a variety of industrial 
purposes. It is claimed that in building 
and constructional work the mast 1s 
especially adapted for use as a derrick 
or crane, and that it entirely dispenses 
with the use of light and heavy scaffold- 
ing for indoor and outdoor work. 

Single tubular masts are constructed 
for loads of from three tons and upwards, 
while rectangular lattice masts may be 
made of a strength enabling them to 
carry a platform with cranes for serving 
the entire frontage of a building in course 
of erection. 

There should be a good opening for 
an appliance of this description in con- 
nection with the maintenance and repair 
of overhead cables, electric lights, etc. 
course of preparation for a special type 


of telegraph pole which will dispense with the use of a derrick, the pole being 
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thrust upwards in the same manner as the mast and afterwards clamped in 
position. If practicable, this should prove a novel and useful departure in this 
class of work. 

The mechanism is extremely simple and reliable. The telescopic tube is raised 
by means of a strong perforated steel band, which occupies the full section of each 
tube in such a manner that it cannot buckle, and acts as a rigid piston to push or 
thrust its load upwards. The steel band, which is served from a drum by means 
of a winch and toothed rollers engaging its perforations, acts in conjunction with an 
automatic locking device which locks each section in position so that the mast may 
remain raised, even though the band is withdrawn. Numerous other uses of the 
mast, such as for hoists, lifts, etc., will occur to the expert. 

The British Reinforced Concrete Engineering Co. Ltd.—\We hear that the 
British Reinforced Concrete Engineering Co., Ltd., of 196 Deansgate, Manchester, 
are launching out in a much larger way to meet the demands for their system. 

A recent meeting of shareholders unanimously sanctioned a large increase о! 
capital, warranted by dividends and profits on works in hand. The secretary reported 
the acceptance of several important contracts in Britain and a large increase of foreign 
orders. 
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CONTRIBUTIONS.—Original contributions and 
illustrations are specially invited from engineers, 
architects, surveyors, chemists, and others engaged 
in practical or research work. MSS. should be written 
on one side of the paper only, givimg full name and 
address of the author. 

The copyright of any matter accepted for pub- 
lication is vested solely in the proprietors of the 
journal to be used in any form they think fit, unless 
there be a special arrangement. 

MSS. and drawings or photographs are sent in at 
the author's risk. Every effort will, however, be 
made to return unsuitable communications. 
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EDITORIAL NOTES. 


THE CONCRETE INSTITUTE. 


HE first annual summer meeting of the Concrete Institute, which was held 

| during the past month, marked another stage in the development of this 

newly-formed body. Under the presidency of Sir Henry Tanner, C.B., 

the technical proceedings were conducted on the two forenoons of June 7th 

and 8th. The afternoons in each case were occupied by visiting works of interest 

and the evenings were devoted to social functions—-:.e., to a dinner on the first 
day and a conversazione on the second. 

Though the technical proceedings were not as well attended as we should 
have expected, having regard to a membership that now touches close upon a 
thousand, a large attendance could perhaps scarcely be expected with the holiday 
feeling of an impending Coronation in the air and the hot weather that pervaded 
at the time. But if the working part of the programme was somewhat neglected, 
the social side found great favour, and we think that this beginning of such 
functions is a step in the right direction, and will eventually do wonders towards 
welding together the somewhat diverse character of the membership, and give 
to the Institute that esprit de corps which is absolutely essential to an institution 
of this character, and which is yet sadly lacking. 


THE IMPORTANCE OF SOCIAL ENTERTAINMENTS. 

It may seem strange to emphasise in a technical journal the importance 
of these social entertainments, but where, as in the case of the Concrete Institute, 
the interests of the professions and industries concerned easily clash, it is of the 
utmost importance that the representatives of those different spheres of work 
should obtain a better understanding of the characteristics and personal views 
of the individuals with whom they have to come into contact. Apart from 
this personal element, there must be an obvious advantage in the representatives 
of the professions and industries concerned meeting on neutral ground and 
taking the opportunity of discussing technical points and exchanging ideas 
and experience, which it is generally difficult for them to do in their ordinary 
relationship. 

NOTABLE GUESTS AT THE INSTITUTE DINNER. 

The Institute, in inaugurating this new departure, was particularly fortunate 
in having a president who is personally popular, and who at the same time 
understands thoroughly the characteristics of the different sections of the mem- 
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bership, which, apart from being divided into the two great classes of the 
professions and industries concerned, is further subdivided into (a) specialists, 
(b) contractors, and (c) manufacturers, on the industrial side ; and into (a) civil 
engineers, (b) architects, and (c) scientists, as far as the larger professional 
section is considered. | 

At the inaugural dinner this diverse character of the Institute was not only 
observable among the members, but also among the guests, and it promised well 
that so representative a body of men should meet at the Institute's festive board. 
Notable among the guests present we observed the President of the Institution 
of Civil Engineers (Mr. Alexander Siemens), the President of the Royal Sanitary 
Institute (Mr. H. Percy Boulnois), the President of the Surveyors' Institution 
(Mr. W. Edgar Horne), and the Past-President of that body, Sir Alexander 
Stenning; architects so well known as Mr. John Murray, F.R.I.B.A. (the 
Crown Surveyor), and Mr. William Woodward, F.R.I.B.A. (the Mayor of Hamp- 
stead) ; while practical scientific research had as its deputy Mr. Leslie Robertson, 
M.Inst.C.E. (of the Engineering Standards Committee). Mr. F. A. White (the 
chairman of the Associated Portland Cement Manufacturers, Ltd.) was a guest, 
representative of the great manufacturing interests. 

As to the members present, it would lead too far to give lists of names, 
but besides the President, two Vice-Presidents (Mr. Alexander Ross, M.Inst.C.E., 
and Mr. Edwin O. Sachs, F.R.S. Ed.) were present, as also Mr. E. P. Wells 
(the Chairman of the Finance Sub-Committee). 


THE CONCRETE INSTITUTE AND THE INSTITUTION OF CIVIL ENGINEERS. 


It must have been gratifying both to the membership and to the President 
of the Institute that the guests were of so representative a character, and that 
the great mother, or, as it was jocularly described, “© grandmother " of technical 
institutions—namely, the Institution of Civil Engineers, was represented by its 
head. There is no doubt that if the younger body—namely, the Concrete 
Institute—of which a large proportion of members are associated with the 
engineering profession, would co-operate with the senior institution of Great George 
Street, this would be beneficial to both bodies ; and seeing that the younger 
Institute has already shown its ability and strength to stand on its own feet 
entirely if necessary, there is no fear of its either being overawed by the senior 
body, or falling into its errors of ultra conservatism regarding the subject of 
reinforced concrete. 

As in the past, when co-operation was absent, the activity of the Concrete 
Institute will, when it is in closer touch with the Institute of Civil. Engineers, 
probably lead to a more rapid development in the efforts of the latter body to 
make up for leeway lost in the investigation of the problems of reinforced concrete. 
If the mere fact of the Concrete Institute's being formed actually resulted in the 
Great George Street institution having its own reinforced concrete committee, 
it would almost be a certainty that a little assistance and kindly reminder from 
the junior body will lead to that committee accelerating its pace, and, above all, 
promptly putting some of the much-required testing operations in hand. 

At all events, the presence of Mr. Siemens at the Concrete Institute speaks 
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well for the future, for the Institute can now no longer be looked upon as an 
intruder among its seniors of Westminster fame. 


THE PAPERS AND REPORTS. 

The subjects before the summer meeting comprised two papers, one by Professor 
Beresford Pite. F.R.I.B.A.,on “ The ZEsthetic Treatment of Concrete," and the other 
by Mr. A. E. Corbett, F. R.I.B.A., on “ The Y.M.C.A. Building, Manchester.” Besides 
these, two reports were put forward for discussion—namely, " The Interim 
Report of the Tests Standing Committee on the Testing of Concrete, Reinforced 
Concrete, and Materials Employed Therein " ; and '' Report of the Reinforced 
Concrete Practice Committee, embodying suggestions on the standardisation of 
drawings of Reinforced Concrete Work." 

This programme of work was excellent, but unfortunately the attendance 
was not as strong at these technical meetings as could have been desired, yet the 
discussion of the papers was exceptionally good, and that on Professor Beresford 
Pite's paper, which was of an exceptionally high standard, is to be further discussed 
at an ordinary meeting of the Institute in the winter, and we look forward to some 
distinguished architects and engineers being invited to give their views on the 
subject. 

As for the reports of the two committees, the discussion on these had also 
to be postponed, and in our opinion these reports require thrashing out at the 
ordinary meetings in order that really good results may be obtained. We would 
suggest that the papers which are in print should be issued to the whole of the 
membership, and the opinion of those distant from London be invited by cor- 
respondence, which might be presented at the meetings. There is not the least 
doubt that in some of these questions the experience of the Provincial and 
Colonial members would be particularly valuable. 

It should perhaps be mentioned that, so far as the report on “ The Stan- 
dardisation of Drawings of Reinforced Concrete Work ” is concerned, it bears 
a marked similarity to the proposals put forward in these columns by Mr. H. 
Kempton Dyson in our issue of February, 1910, and which should be referred to 
by our readers. Again, regarding the suggestions of the Tests Standing Com- 
mittee, we would suggest reference to a report of a Special Commission on Con- 
crete Aggregates, appointed by the British Fire-Prevention Committee, which 
was published in our issue of January, 1909. 

THE VISITS. 

The programme of visits was excellent, but here again the attendance was not 
as large as might have been anticipated from the instructive character of the 
work to be shown ; but, nevertheless, those who had the arrangements in hand 
should not be discouraged, as circumstances were very much against the meetings, 
and we think that further inspections of this kind should be arranged for. The 
buildings visited were the Wesleyan Hall, Westminster, described in our issue 
of October, 1910, and a wharf and warehouse now being constructed of rein- 
forced concrete piles, floors, and walls in London Dock. 

THE INSTITUTE'S PAST YEAR OF WORK. 

The summer meeting, to which we here refer, practically served to mark the 

termination of the past year's work, and we therefore take this opportunity of 
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referring to the annual report of the Institute, and we think it would be well in 
this connection to quote from it at some length, as the report gives a very excellent 
idea of the character of the work which 1s to be done. 


Legislation.—The Council has had under consideration a Draft of Suggested 
Regulations to be made under the provisions of Section 23 of the London County 
Council (General Powers) Act, 1909, with respect to the construction of buildings 
wholly or partly of reinforced concrete. These regulations were submitted by the 
Superintending Architect of the London County Council to the Institute for its 
consideration in accordance with the provisions of the 1909 Act referred to, 
whereby it is enacted that the Concrete Institute, together with the Institution of 
Civil Engineers, the Royal Institute of British Architects, and the Surveyors’ 
Institution are to have notice of the Council’s intention to apply to the Local 
Government Board for allowance of any regulations as to the use of reinforced 
concrete in the County of London. In connection with this the Royal Institute 
of British Architects convened a meeting of representatives of various technical 
societies interested in the matter, and Mr. Charles F. Marsh, M.Inst.C.E., and Mr. 
T. B. Shore were appointed as the delegates of the Concrete Institute. This 
Conference of Societies held a number of meetings, and recommendations were 
arrived at which were transmitted by the Royal Institute of British Architects 
to the London County Council. The Science and the Reinforced Concrete 
Practice Standing Committees of the Concrete Institute held six joint meetings, 
at which were drawn up a number of recommendations for the amendment of the 
Draft Regulations. These suggested amendments were put forward by the 
Institute's delegates at the Conference of Societies. The Council transmitted to 
the Superintending Architect the proposed amendments arrived at by the Joint 
Committee of the Concrete Institute, and informed him that the Institute was in 
substantial agreement with the recommendations of the Conference of Societies, 
but would be glad if the London County Council would also consider the further 
suggestions contained in their Joint Committee's amendments. The matter is 
at present confidential, as the Draft Regulations submitted were merely in a 
preliminary stage ; the Council is therefore unable to furnish detailed particulars 
of the recommendations made to the London County Council. 

By-laws for Reinforced Concrete. —With a view to the removal of restric- 
tions in the building by-laws in respect to the construction of reinforced concrete 
and the short loan periods granted by the Local Government Board on structures 
of such material, the Parliamentary Committee has been in communication with 
the Board in reference to by-laws respecting reinforced concrete construction and 
walls of new buildings, and the reply, dated December 8th, 1909, stated— 

“The Board are only aware of one authority, the Urban District Council 
of Newquay, Cornwall, who have in force by-laws specifically dealing, except in 
connection with steel framing, with the construction (of buildings of ferro- 
concrete. The Board confirmed a series of by-laws for that authority on October 
22nd, 1909, which has the effect of allowing the walls of new buildings to be 
constructed of reinforced concrete of such thickness as shall be necessary to secure 
due stability. Some local authorities, including the Town Councils of Leeds, 
Salford, and Windsor and the Urban District Councils of Brentford, King's Norton, 
and Northfield, Penge, and Southall Norwood, have made by-laws allowing the 
construction of buildings of steel framing filled in with brick or other incom- 
bustible material, which, of course, includes ferro-concrete. . . . . In 
a large number of rural districts in the country either there are no by-laws in force 
regulating buildings or the by-laws are based on the Board's rural code, which 
makes no provision as to the structure of walls for securing stability or the preven- 
tion of fires. In such districts the construction of buildings of ferro-concrete 
would be unrestricted. In many other districts a by-law has been adopted 
similar to that numbered 4 in the Board's provisional Intermediate Model which 
allows the erection of domestic buildings, subject to certain conditions as to size 
and position, of other material than brick or stone. The use of ferro-concrete 
would thus be permitted in the construction of such buildings. The Board may 
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say that they have not found that a large number of local authorities have ex- 
pressed a wish to make provision in their by-laws for the use of ferro-concrete. 
They will, however, bear in mind the question of regulating its use in any future 
edition of the urban model code which they may issue."' 

Engineering Staadards.— The Engineering Standards Committee asked the 
Concrete Institute to appoint a representative on their Sectional Committee on 
Portland Cement, and the Council in May appointed Mr. Herbert W. Anderson, 
Assoc.M.Inst.C.E., to act in that capacity. 

The Engineering Standards Committee at a later date asked the Institute 
to appoint a representative on their Sectional Committee on Bridges and Building 
Construction, which deals with the standard specification for steel, and Mr. 
William G. Kirkaldy, Assoc.M.Inst.C.E., was appointed by the Council. 

Reinforced Concrete Practice Committee.—The Royal Institute of British 
Architects asked the Concrete Institute to appoint two representatives on the 
Joint Committee on Reinforced Concrete, and the Council appointed Mr. William 
С. Kirkaldy, Assoc.M.Inst.C. E., and Mr. Charles F. Marsh, M.Inst.C.E., to act 
in that capacity. 

New Appoiatments.—The Earl of Plymouth having retired from the office of 
President, Sir Henry Tanner was appointed to that position, and Mr. Alexander 
Ross was appointed a vice-president to fill the vacancy created by Sir Henry 
Tanner's acceptance of the Presidency. The Council also appointed Mr. Edwin 
О. Sachs, the former Chairman of the Executive, as a fifth vice-president. The 
Council desire to record their appreciation of the great services rendered by Mr. 
Edwin O. Sachs in the formation of the Institute. 

When the new Rules came into force the Finance Committee was appointed, 
consisting of Mr. E. P. Wells, the former Honorary Treasurer, as Chairman, 
and Mr. W. T. Hatch, Mr. Alexander Ross, Mr. Edwin O. Sachs, Mr. L. Serraillier, 
and Sir Henry Tanner as members. 

Medal for Papers.—A medal will be granted for the best paper read at 
general meetings in each session, it being thought that this should encourage 
the contribution of data that would prove of service to members, particularly 
when recorded in the '' Transactions." 

Standard Notation. —The Standard Notation for calculations for reinforced 
concrete which was drafted by the Science Committee and approved by the 
Council has been favourably received, and will in all probability be adopted 
by the Joint Committce on Reinforced Concrete, appointed by the Roval Insti- 
tute of British Architects, in their revision of the report first issued by them 
in 1907, and by the London County Council in their regulations governing the 
erection of reinforced concrete structures in London. It has also been adopted 
by the authors of text-books, and is to be considered by the American Joint 


Committee on Concrete and Reinforced Concrete. It therefore promises to be 
of considerable utility. 


Since the publication of the annual report the result of the elections for the 
year 1911-12 has also been made known, and we have been informed that the new 
members of Council are as follows : 


Captain J. Gibson Fleming,? R.E., Messrs. J. Ernest Franck,” A. R.I.B.A,, 
C. S. Meik,* M.Inst.C.E., W. С. Perkins*, Henry Tanner* (Jr.), F. R.I.B.A., and 
G. C. Workman. 


FUTURE WORK. 


After dealing at such length with the work of the Concrete Institute, it only 
remains for us to wish that body every success in the future, which we feel will, 
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* Newly elected to the Council on this occasion. 
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no doubt, be attained under its new President, Sir Henry Tanner, C.B., and its 
strengthened Council, particularly if the latter will show that assiduity in work 
which is absolutely essential for a newly-formed Institution. Election on the 
Council 15 not only a distinction, but brings with it obligations, and it would be 
advisable in future if all those who are so closely identified by name with this 
Institution were to put in a stronger appearance at its business meetings, 
lectures, and its social functions, so that those duties be not left, as would appear 
to be the case very frequently at present, to a limited few. Good service on the 
Standing Committees should mean future advancement to the Council, and the 
idea of electing the Vice-Presidents from the Council is also a step in the right 
direction. 

As to the direction we hope the work will take, we trust that the civil engineer- 
ing, architectural, and the industrial side will be accorded equal importance, 
and that every possible effort will be made to improve the conditions under 
which reinforced concrete is executed, which is still greatly hampered by legislative 
hindrances and conservatism. 


THE STORAGE OF CEMENT. 


UNDER this heading last month we referred to the aeration of cement on the 
works that is still favoured by many engineers and architects. 

Such aeration or air slaking was advisable years ago with cements as then 
manufactured, which were coarsely ground and often underburnt, and conse- 
quently liable to blow or expand, perhaps resulting in disintegration of the 
concrete, or incidental] troubles in the way of expansion ; but with modern Portland 
cement manufactured under skilled chemical control and greatly improved 
conditions generally, such aeration is not only unnecessary and an antiquated 
relic of the past, but is positively injurious to the strength of concrete made 
therewith. Cement is valuable as a constructional material bv reason of its 
property of being able to combine chemically with a certain amount of water 
to form a hard and compact mass. The finer cement is ground, the more 
chemically active it is; consequently, when the finely ground cement that is at 
present called for is exposed to the atmosphere it absorbs moisture with avidity. 
This water combines with the silicates and aluminates, liberating calcium hydrate 
(the same substance as slaked lime); this calcium hydrate in turn absorbs carbonic 
acid gas (carbon dioxide) from the air, апа becomes converted into calcium 
carbonate (the same substance as chalk). In this way a portion of the cement 
is rendered inert, and 1f this natural process of hydration bv contact with the 
atmosphere be continued for a sufficient length of time, the whole of the material 
will be gradually killed, and will cease to have any value. It has been shown in 
numerous experiments that exposure in thin layers in moist atmosphere for three 
or four months is sufficient to render cement useless for constructional purposes ; 
it therefore follows that 1f such excessive aeration is entirely destructive of the 
cementitious value, partial aeration will deteriorate it exactly in proportion to the 
comparative duration of time of exposure ; it is simply a question of degree. The 
coarse, imperfectly calcined cements of the past were not subject to such marked 
deterioration because of their lesser chemical activity, and, moreover, and quite 
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apart from that, any deterioration from such a cause was far less serious compared 
with the advantages derived by having a sound cement or freedom from tendency 
to expand in the work. 

One point that is often urged in favour of aeration is that the setting time 
was increased—that is to say, that cements were by such treatment renclered 
slower setting. Though that was undoubtedly the case with coarsely-ground 
cements, the same argument does not apply to modern cement, and it is a particu- 
larly crude and haphazard method of endeavouring to regulate the setting time, 
although the absorption of moisture tends to lengthen the setting time. On 
the other hand, the absorption of carbonic acid gas tends to result in a quickening 
of the setting time: and as both moisture and carbon dioxide are present in the 
air, the effect of the aeration as regards setting time will be dependent on the 
relative amount of each of these substances absorbed by the cement. This 
relative amount is dependent upon local conditions, and therefore the setting 
time of modern cement thus aerated may be, and often 15, rendered quicker 
instead of being retarded ; indeed, the adoption of the process of aeration is 
decidedlv objectionable from all points of view, and its continued adoption is 
unjustifiable, and can only be attributable to ignorance. | 

In the patented process of cement manufacture, whereby steam is admitted 
to the tube mill in the process of fine grinding, the cement is scientifically matured, 
and its setting time regulated with accuracy. In this process the particles of 
cement are surrounded with an atmosphere of steam during their attrition and 
pulverisation, thus everv particle of the cement is enabled to absorb and combine 
with a regulated quantity of water in the absence of carbon dioxide, which latter, 
as has been shown above, renders cement inert—and that is far from what happens 
by this steaming in the process of grinding. Cement is now supplied to pass the 
test given in the British Standard Specification without any treatment on the 
works, and as these tests are passed satisfactorily, there need be not the slightest 
hesitation on the part of any engineer, architect, or contractor in using the cement 
direct from the sacks or casks without anv laying out or turning whatever. 


OBITUARY NOTICE. 
THE LATE DR. WILHELM MICHAELIS. 


DvRniNG the month of May there passed away one of the most prominent figures 
in the world of cement technologv in the person of Professor Dr. Wilhelm 
Michaelis, of Berlin. To everyone concerned in the production of Portland 
cement his name was a household word, and he did perhaps more than any other 
man to advance our scientific knowledge in connection with this material. 

He was born in Magdeburg on October 15th, 1840, and was therefore in 
his seventy-first year at the time of his death. 

For years he conducted a laboratory in Berlin, which was at one time or 
other the resort of most of the German cement manufacturers as well as of those 
of other nationalities. It was the scene of an immense amount of research work 
into the many mysteries which are associated with the production and the 
behaviour of Portland and other cements, and from the active management of 
this laboratory he only retired quite recently. After retirement he still retained 
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the keenest interest in everything associated with cement, whether it happened 
to be Portland cement or any other material capable of being used for similar 
purposes. 

One of his last public efforts was the enunciation of what he called the 
'" Gel" theory of the setting of Portland cement. His opinions on this matter 
were embodied in a paper which he read before the annual meeting of the German 
Association of Portland Cement Manufacturers two years ago, in which he 
claimed to have settled definitely and finally the nature of the chemical processes 
involved in the setting and hardening of Portland cement. That his opinions 
on this point were not shared by every other expert is hardly surprising, but 
he advocated them with all the energy and persistence so characteristic of his 
nature, and time alone will show how far his theory is maintainable. 

For some time past he had been suffering from an ossification of the arteries, 
and had become subject to fainting fits, one of which was the cause of his death. 
On the last occasion he was seized by one of these when looking out of the window 
of his flat, and he fell outwards to the ground with fatal results. The end was 


tragic in its nature and in its suddenness, and the world of science is the poorer 
for his loss. 


THE LATE PROFESSOR W. MICHAELIS 
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CONCRETE INSTITUTE. 


Having regard to the importance of the subjects dealt with at the Summer Meeting of the 
Concrete Institute, we are making a feature, in the current issue, of the proceedings at this 
meeting. If this occupies somewhat more space than we generaliy accord to the Concrete 
Institute in any one number, we think that, by the diversity and interest of the subjects 
treated, the occasion merits a prominent place in our Journal.—ED, 


THE two days’ Summer Meeting of the Concrete Institute was held on Wednesday 
and Thursday, June 7th and 8th. On the morning of June 7th a meeting took 
place in the Lecture Hall of the Institute at Denison House, Vauxhall Bridge 
Road, Westminster, Sir Henry Tanner, C.B., in the chair, when a paper 
was read by Professor Beresford Pite, F.R.I.B.A., on the “ /Esthetic Treatment 
of Concrete." А discussion followed, in which Messrs. Heathcote Statham, 
F.R.IB.A., A. Alban Н. Scott, M.S.A., Edwin O. Sachs, F. R.S.(Ed), J. Ernest 
Franck, A.R.I.B.A., C. Н. Colson, M.Inst.C.E., A. E. Corbett, F.R.I.B.A,, 
Percival M. Fraser and the President took part. An Interim Report of the 
Tests Standing Committee on “ The Testing of Concrete, Reinforced Concrete, 
and Materials employed therein " was then presented, and discussion thereon 
was deferred until next session, 

In the afternoon a visit was paid by the kind permission of the architects, 
Messrs. Lanchester and Rickards, FF.R.I.B.A., to the Wesleyan Memorial Hall, 
Tothill Street, Westminster, now in course of construction, and in large part of 
reinforced concrete. 

In the evening the first Annual Dinner of the Concrete Institute was held 
at the Trocadero Restaurant, Shaftesbury Avenue, Piccadilly Circus, W., the 
members being received by the President, Sir Henrv Tanner, C.B. Among other 
guests of the Institute were the following : Mr. Alexander Siemens, President of the 
Institution of Civil Engineers ; Mr. W. Edgar Horne, President Surveyor's Institu- 
tion; Mr. H. Percy Boulnois, M.Inst.C.E., Chairman of the Council of the Royal 
sanitary Institute ; Mr. R. Elliott Cooper, V.P.Inst.C.E., the Chairman of one of the 
Sections of the Engineering Standards' Committee ; Mr. Leslie H. Robertson, the 
Secretary of the same Committee; others present were Mr. Horace Porter, A. R.I.B.A., 
Mayor of Holborn ; Мг. W. Woodward, F.R.I.B.A., Mayor of Hampstead ; Sir 
Alexander Stenning; Mr. John Murray, F.R.LB.A.; Mr. Osborne Smith ; 
Mr. F. A. White, late Chairman of the Associated Portland Cement Manufacturers, 
Ltd. ; Mr. Max Clarke, F.R.I.B.A., late Mavor of Holborn ; Mr. Edwin T. Hall, 
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Vice-President R.I.B.A. ; and the following members of Council of the Concrete 
Institute : Mr. Alexander Ross, M.Inst.C.E., Vice-President Concrete Institute ; 
Mr. Edwin O. Sachs, F.R.S.(Ed.), Vice-President Concrete Institute ; Mr. D. B. 
Butler, Assoc.M.Inst.C.E., Mr. C. Н. Colson, M.Inst.C.E., Mr. J. S. E. de 
Vesian, M.Inst.C.E., Mr. William Dunn, F.R.I.B.A., Mr. E. Fiander Etchells, 
F.Phys.Soc., Mr. J. Ernest Franck, A.R.I.B.A., Mr. C. S. Meik, M.Inst.C.E., 
Mr. H. D. Searles- Wood, F.R.I.B.A., Mr. Henry Tanner (Jr.), F.R.I.B.A., Mr. E. P. 
Wells, J.P., Mr. F. E. Wentworth Sheilds, M.Inst.C.E., and Mr. G. C. Workman. 

After the patriotic toast from the Chair, Mr. Alexander Siemens, President 
Inst.C.E., proposed the toast of the Concrete Institute, and said :— 


Gentlemen, when your President asked me about a fortnight ago to 
give the toast of the Concrete Institute I accepted the suggestion with a 
light heart, but when I began to consider what I ought to say, my spirits fell, 
because there are some difficulties in the wav. One is that our Institution, 
the Institution of Civil Engineers, has got a little concrete institute of its 
own (laughter), and I have to balance my remarks so that I give due place 
to the present Concrete Institute without offending our own. But I think after 
all the matter is not so serious as it might at first appear, because as soon as I 
came into the room I shook hands with Mr. Bamber, and you know that Mr. Bamber 
read a paper before the Institution of Civil Engincers in November, and there was 
a grand discussion on the subject of concrete, which I think is nearest to your 
heart. That paper shows that the Institution of Civil Engineers considers itself 
the grandmother of all engineering institutions. I say deliberately grandmother, 
because there are some institutions who try to teach us how to suck eggs. But 
we arc accustomed to that, and we welcome it because you see this is your first 
dinner and you therefore acknowledge that you are a young institution. I want 
to say on behalf of the Civil I:ngincers that we are very glad of every new develop- 
ment of engineering science in the application of the objects for which thc 
Institution of Civil Engineers was founded, and for which it received its charter. 
Every new institution which pursues a specific object helps the parent institution, 
because with the modern applications of science which are dirccted bv the 
‘engineers in the various branches it is perfectly impossible that one institution 
should do justice to all, and therefore all these special institutions are really of 
assistance to the great profession of engincering. Your Institution has been— 
I must not usc any physiological expression, I suppose—in the making for nearly 
four years, but it really took shape and came into proper existence last year, when 
your present constitution was worked out by the Council and adopted by the 
Institution, and when Sir Henry Tanner became its President. Of course we 
must not forget that the Earl of Plymouth as the first President of the Institute 
and Mr. Sachs as Chairman had a great deal to do in working up the Society, 
but all the same the present constitution of the Society really dates from last 
year. It is a matter of great congratulation to its members that you are nearly 
a thousand strong already, and it is therefore with great confidence that I propose 
the health of the Concrete Institute and wish it a prosperous career. The Institute 
has already shown its usefulness by its delegates joining some committces of the 
Engineering Standards Committee. That shows that it fills a place which was 
vacant before, and that it has a useful purpose in the scheme of engineering 
things. I therefore ask you to drink success to the Concrete Institute and couple 
with the toast the name of your President, Sir Henry Tanner. 
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The toast was responded to by Sir Henry Tanner :— 


I thank you, sir, for the kind words with which you have proposed this toast 
of the Institute coupled, and also you, gentlemen, for the manner in which you 
have received the toast. It seems to me that co-operation between ourselves 
and the Institution of Civil Engineers 15 what we ought to desire. It will certainly 
forward our objects, and it will be to the interests of the members of the Institu- 
tion of Civil Engineers without a doubt. We were only founded, as Mr. Siemens 
said, about 34 years ago, and the first part of that time the Institute was in 
an embrvo condition and we did not quite know where we were, but last vear 
we spent our time in rc-organising and this year in looking out for offices and 
establishing ourselves in them. We have done these things now, so that we 
anticipate that we ought to be able to devote more time and attention to those 
things which are more appropriate to the Institute, and I hope that will be done. 
We number 960 now, and that surely shows that the objects of our Institute 
are of considerable interest to a great number of people. Increased interest 
is being shown in concrete because of the enormous amount of literature which 
is now published, and we have got practicallv a journal to ourselves in the 
'"* Concrete"' Journal, which devotes itself mainly to the objects of our Institute. 
We have got a certain amount of influence already. We have been consulted 
among others with regard to the regulations which the L.C.C. propose to adopt 
for the use of reinforced concrete, and we hope the matter will not end there, 
but that the Local Government Board will adopt them in its model bv-laws, 
and that they will become a general thing. In the last few days we have been 
told that the Local Government Board has granted a loan on the basis of 30 years 
for reinforced concrete. That is quite new. Hitherto it has been 15 years, 
and I think we may take some credit to ourselves that it has gone up to 30 years. 
It may go to more still and be put on the basis of ordinary construction. Our 
committees have been doing a certain amount of good work. They have drawn 
up a notation for calculations which bids fair to be adopted by all English-speaking 
countries which adopt reinforced concrete. They have also had a rather extended 
inquiry into rust on stcel in concrete, not because it was needed, but to set people’s 
minds at rest as to what happens. The result seems to have been entirely satis- 
factorv so far as one knows. Then this morning we presented a report on testing. 
There was nothing said about that report, and it was left to future argument 
because nobody had had time to consider it. Then to-morrow there is to be 
a similar report on standardisation of drawings. АП these things are making 
for the regularisation of reinforced concrete. Both Portland cement and 
reinforced concrete were invented in this country. Portland cement we have 
always taken the lead in manufacturing, but the other half of the business was 
left to the foreigner, and he really brought it to a stage of some regularitv and 
standardisation. But now that we have got extremely good cement we seem to 
have taken up reinforcement with considerable energy, and within the last four or 
five years it has grown enormously in use in this country, and 15 likely to grow 
more. Of course we claim for it that it is simplicity itself so far as materials 
are concerned. You can get round bars almost anywhere, and vou can get 
the necessary materials for the concrete. Then in regard to fire there is nothing 
to beat it. Its durability is without doubt and its economy in regard to repairs 
is beyond question. I think we might even get the Mayor of Hampstead sooner 
or later to come to our side and not to condemn us altogether. I am not pro- 
posing to keep you any longer. I think I have said quite enough to justify our 
existence. 
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The toast of the visitors was proposed by Mr. Edwin О. Sachs. He said :— 

Mr. President and gentlemen, I am very pleased to have this toast placed 
in my hands. I am a great believer in hospitality, and it is delightful that 
this Institute at its first dinner should be able to receive not only guests, 
but distinguished guests. We are naturally pleased to see Mr. Siemens 
here. Mr. Siemens has been a popular figure among the technical profession for 
many years. We meet him on all manner of occasions where there is good work 
to be done—be it at the Royal Society of Arts, the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the British Fire Prevention Committee, 
or what not. Everywhere he is welcome. Thisevening, gentlemen, we see him here 
as President of the Institution of Civil Engineers, and we are proud to welcome 
him in that capacity. Мг. Siemens has spoken in that capacity and has given us a 


gentle hint that children should not “ teach their grandmothers to suck eggs." . 


Well, gentlemen, grandmothers of old had curious ways of dressing. Thev did not 
know the modern corsct. When we started the Concrete Institute we thought the 
modern stay, with its reinforcement, was wanted, and we found after it had been 
started for a year or two that the Institution of Civil Engineers was similarly 
suddenlv interested in this modern development, and formed a miniature con- 
crete institute of its own. We wonder if that little concrete committee of the 
Institution of Civil Engineers would have come to life at all if this Institute had 
not first made its appearance with somcthing like four hundred of the old insti- 
tution's members? We congratulate the Institution of Civil Engineers on the 
good work it has now donc in that direction during the last two vears, and if this 
Institute is able to help the Institution of Civil Engineers and kindred societies 
on the Enginccring Standards Committee we are proud of it. When forming this 
Institute we were naturally guided by precedent, and a remark made by 
Mr. Siemens that we had first had a titular President, a distinguished earl, to 
whom we were very much obliged for coming forward and helping us and lending us 
the prestige and power of his name when we were a small bo:ly of roo, makes me 
remark that we were entirely orthodox in that matter. If Mr. Siemens will turn 
back to the history of the Iron and Steel Institute, that body had exactly the same 
experience, and commenced, if I rightly remember, also with a titular President. 
J] am not quite sure whether it was the Duke of Devonshire or the Earl of Derby 
but it was one of the two, I believe (Mr. Siemens: The Dute of Devonshire). Follow- 
ing theexample of an institute so closely allied with the Institution of Civil Engi- 
necrs, and onc in which Mr. Siemens isa notable figure, we also commenced opera- 
tions with a member of the House of Lords as President. We are a rather small 
party here, but we represent, as Sir Henry Tanner has said, a membership of 960, 
and that for a child of but a few years is, I think, quite a nice record. This 
evening we not only have the Institution of Civil Engineers represented bv its 
President, but we are delighted also to sce here the President of the Surveyors’ 
Institution, Mr. Horne, and with his predecessor who has done much good work 
in the interests of civil engineering quite as much as surveying ; Sir Alexander 
Stenning is also at our table. It would perhaps go too far if I ran through the rest 
of our guests ; but I think I should mention Mr. John Murray, that most popular 
architect who represents the Crown, and our special friend the Mayor of Hampstead, 
whom we hope some day to see a member of our body, and another architect, the 
Mavor of Holborn. Well, gentlemen, we have the professions of architecture and civil 
cnginecring duly represented, and architecture, too, in its civic capacity as repre- 
senting two great boroughs in this great City. One guest I have not mentioned. 
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and on him I am going to place the ordeal of responding to this toast, and that 
is Mr. Percy Boulnois. We all remember him at the Local Government Board, 
which I believe he has now just left, but he is still actively interested in all things 
technical, and this vear is chairman of the Sanitary Institute, which does excellent 
service to the country. Gentlemen, I give vou the toast of “ The Visitors.” 
We are proud to see them, and we drink their health most heartily. 


Mr. H. Percy Boulnois, in replying to the toast, said :— 


I must confess in this distinguished companv that I was astonished 
that I should be called upon to reply to this toast. It could not be 
because I am chairman of the Royal Sanitary Institute, because that 
Institute has very little to do with concrete, but it has to do with a vast 
number of subjects, and embraces a great number of members of all professions 
—engineers, architects, and medical men. Then I don't think I was called 
upon to reply to this toast because of mv personal qualifications. So I 
came to the conclusion that I was called upon to reply to this toast because I 
happened to have served for some years with that bogey, if I may be allowed 
to so call it, the Local Government Board. I call it a bogey because, as vou know, 
for many years the l.ocal Government Board have been obliged necessarily to 
be cautious as to what they did with regard to ferro-concrete or reinforced concrete, 
or what you please to call it, and I think they acted perfectly wisely, because 
it was a new thing in this country, and we were more or less the custodians of the 
public purse, and we wished to go cautiouslv. But, on the other hand, we must 
remember that engincering is bound to advance, and must make progress and 
take new things in hand. Otherwise we should not be here to-night. We 
should be cave-dwellers throwing bones at each other. It is a little difficult 
for me to know what is in the minds of the clients I represent—viz., the guests. 
All I know is that I am sure I echo their feelings when I say we have enioved 
an excellent dinner. I feel almost that we guests are a sort of committee. We 
have been testing various materials. We have been taking in an aggregate. 
Whether that aggregate we have taken in will cause some undue stress on our 
middle third I really don't know. All I know is we have saturated ourselves 
with liquid, and whether that will interfere with our modulus of elasticity 1 am 
not quite sure at this moment. What I feel is that after this hospitable board, 
if we can seck our homes without indenting our footsteps or taking a zig-zag 
course, we might reach our homes and go to our beds and become sound sleepers. 
It is a great privilege to be here to-night, because it is the first dinner of this 
young Institute. Personally, on behalf of myself and the guests, I wish you 
every success. I am certain that success is assured you. You have done good 
work, and there is an immense amount of work before you. I thank you heartily 
for having received us here to-night. 

On the morning of Thursday, June 8th, a meeting took place in the Lecture 
Hall of the Institute at Denison House, Westminster, Mr. E. P. Wells, J.P., in the 
chair, when a paper was read by Mr. Alfred E. Corbett, F.R.I.B.A., on the 
“ Y.M.C.A. Building at Manchester." We give a résumé of the paper and of the 
discussion which followed in this article. 

The Report of the Reinforced Concrete Practice Standing Committee on the 
" Standardisation of Drawings of Reinforced Concrete Work " was then pre- 
sented. The discussion thereon was deferred until next session. 

In the afternoon a visit was paid, bv kind permission of Mr. Frederick 


495 


THE CONCRETE INSTITUTE. TONCD 


Palmer, C.I.E., M.Inst.C.E., Engineer to the Port of London Commissioners, to 
inspect a wharf and warehouse now being constructed of reinforced concrete piles, 
floors, and walls, in London Dock, 

In the evening a conversazione was held in the galleries of the Royal Institute 


of British Architects, Conduit Street. Members were received by the 
President, Sir Henry Tanner. 


THE PAPERS. 


THE AESTHETIC TREATMENT OF CONCRETE. 
By PROFESSOR BERESFORD PITE, F.R.l.B.A. 


THIS was a most important and interesting paper which really requires an exhaus- 
tive extract, but the one provided to the Press on this particular occasion gives 
no adequate idea of the excellence and utility of the paper in question. We 
publish the official extract as it was sent to us, and we trust that what is unfortu- 
nately lacking in clearness in this extract may be made up for in part by the 
lengthy summary of the discussion which we give below. 

We take this opportunity of suggesting that the Institute should follow the 
example of some of the leading technical societies by sending a copy of the paper 
to the Press and allowing them to publish their own extract—limited, of course, 
to a certain number of words—so that the Press could then give their readers an 
extract of the particular portions dealing with their special interests. 

The following are summaries of the paper and discussion. 


Simplicity of intention in constructional design may issue in a native or spontaneous 
aesthetic quality. Ап undesigned beauty reached without treatment is often attained 
by such a structure as the Forth Bridge or a reinforced-concrete silo. Mediæval 
architecture grew up as a constructive method without csthctic purpose and achieved 
results of great beauty. Is not the opportunity given by the new process of reinforced 
concrete building one that could be utilised for the crection of the much-desired original 
and modern style of architecture ? Are the new material and method together sufh- 
cient motive ? Truthfulness of design to constructive purpose and elemental sound- 
ness of proportion, are these sufficient to provide that pleasantness to the eye which 
is desiderated ? 

Four conclusions arrived at (1) we have no instinctive guidance towards an 
unbiassed originality for a concrete architecture ; (2) Abstract principles like those 
invoked of proportion are of no assistance ; (3) Superficial treatments, as by colour, 
are insufficient for architectural expression, though valuable in assistance ; (4) The 
texture of concrete surfaces modifies and imparts special character to any forms 
emploved for architectural purposes. "Therefore, while modern considerations of 
utility and of novel constructional methods determine proportions, and may ultimately 
develop asthetic qualities, the scholarly and critical analysis and employment of 
traditional architectural forms, suitably modified for execution in concrete, is the 
proper method for the esthetic treatment of concrete. 

A historical review of the development of some characteristics of Egvptian, 
Greek and Roman architecture furnishes proofs of the non-relation of asthetic treat- 
ment to direct constructive facts. Idealised representations of ancient types form 
the basis of both Egvptian and Greek characteristics, while the Romans frankly 
separated the decorative from the practical purposes of architecture. In Gothic art, 
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however, the constructive craftsman was the artist, and the development of decoration 
is integral with building craft. In the other crafts of wood and plaster work motives. 
are imitated from stonework and illustrate the modifications produced by the texture 
of the material into the design of details : of this the Elizabethan ornamental plastered. 
ceilings originated from Tudor vaultings are illustrations. 

Modern novelty of constructive method does not remove necessity for study of 
architectural development, but it will aid adaptation and modification, and thus pave 
the way for development. Modern Continental design is too eager to demonstrate 
elasticity possible in employment of form in unusual architectural relations. At home 
we still are safely and timidly putting brick and stone fronts to concrete buildings. 
There is a great future before concrete building, and it deserves that close and patient 
architectural study which deriving from the past will give certainly to the future 
aesthetic treatment of the material. 


DISCUSSION. 

Mr. Н. Heathcote Statham, F.R.1.B.A., after proposing a vote of thanks to 
Professor Pite for his excecdingly interesting and well-thought-out paper, said he 
had been waiting rather anxiously throughout the paper to see to what conclusion the 
author meant to lead them, because at first it appcared thev were to be rebuked for 
desiring to use old architectural forms, but the Professor's conclusion appeared to be 
that they should aim at a treatment of concrete suitable to its texture, and not ignore 
the ancient traditional forms. Оп the whole, Mr. Statham was disposed to agree with 
that, if it were possible. He agreed also with the great importance of tetxure in the 
material as a suggestion for treatment. 

He was not sure whether Professor Pite intended to condemn the use of brick and 
stone facing. It seemed an easy and not very sincere way out of the difficulty, but after 
all it was the method emploved bv the greatest concrete builders of all time—the 
Romans—and there might be somcthing to be said for it. He (Mr. Statham) would 
be more interested to see something like the treatment of concrete itself with its natural 
texture exposed, a treatment which the Professor indicated might be suggested by 
traditional forms, which would be altered in order to suit the material; but it would be 
a very difficult task, and one that could not be accomplished in a day or even in a 
few ycars. 

As to the deinen which ran through the paper, that the Egyptian and Greck 
Styles had really arisen on the transformation of original ideas to a new material, 
Mr. Statham declared himself unable to believe that, and was rather sceptical about 
the mud origin of Egyptian architecture, and the wooden origin of Greek architecture. 
He did not believe, ‘either, in the wooden origin of the Doric column, for the reason 
that the further back one went, the thicker the columns became. If it were traced 
back to wooden origin, the position would have been surely the reverse. 

The final conclusion emerging from the paper appeared to be that thev could 
perhaps originate an architectural treatment suitable to the texture of concrete, 
and without altogether forgetting architectural tradition. 

Mr. A. Alban Н. Scott, M.S.A., in seconding the vote of thanks, said he also had 
been listening for some sort of lead as to the correct treatment of concrete, but after 
all it was rather difficult to give definite opinion, because so much depended upon 
the building and its situation. London particularly was exceptionally difficult for 
the treatment of concrete. He had in mind some Colonial work, where the surface 
of the concrete was left exactly as it came from the centreing, with the exception of 
the small projections between the boards which were roughly taken off, and the whole 
surface distempered. That gave a most pleasing cffect, but was perhaps hardly suitable 
for a place like London. He was unable to see how a building like the General Post 
Office, for instance, could have been treated otherwise than by applied material and 
another material. 

The greatest trouble they were likely to have in the future as to the :esthetic 
treatment of concrete was with the so-called specialists. l:ngineers were rather getting 
on to buildings, and the great difficulty of getting proper treatment of reinforced con- 
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crete lay in the work gradually leaving the architect’s hands, and getting into the 
hands of the purely constructional man. So long as this condition obtained they were 
unlikely to get anything satisfactory, except purely by accident. Of course, bridges and 
similar structures were much easier to treat, and it certainly seemed a shame to cover 
concrete in any way whatever where it was possible toavoid it. He was prepared to 
see concrete with its natural face exposed, rather than covered by plastering or ren- 
dering of any description. The material required no protection if properly executed, 
and it was wrong to plaster up the front, unless of course the intention was to go in 
for an elaborate colour scheme, when they would get atrocities very quickly. The 
tendency should be to go purelv on lines of simplicity, omitting mouldings wherever 
possible, and relying on light and shade, upon projections and proportions of arches, 
and so forth, and getting rid of as much ornament as possible. 

Mr. Edwin О. Sachs, F.R. S(Ed.^, thought the paper one which was cf the 
highest standard, and which required careful perusal and thinking out at leisure. 

As to Mr. Scott's fear that concrete would be in a bad wav if left in the hands of 
the engineer, he differed from that entirelv. The concrete enginecring works that he 
had seen had generally struck him as some of the most beautiful works that the world 
possessed, if undecorated and without anv attempt at architectural treatment such as 
obtained in the miserable Tower Bridge. Concrete works of that character expressed 
their purpose splendidly, and gave an excellent idea of how material had been used 
to the best advantage, and it was an actual pleasure to look at them. The Forth 
Bridge, for instance, as a perfect steel structure, was an expression of beauty, in 
the sense of being something which was useful and economic. The Assouan Dam 
was onc of the most beautiful structures he had ever seen, simple as it was, for it 
showed the work it performed, and how economically it had been done. 

In his view an artificial covering to a useful and well-proportioned structure 
was generally a drawback. Concrete architecture was likely to find its salvation in 
the hands of the civil enginecr, especially if he remembered the use of surface 
treatment. There was really no difficulty in getting a good surface to concrete. In 
Austria one found innumerable examples of exccllent surface treatment, but of course 
it required a little extra expense in the centerings and boarding gencrally. The 
expense, however, was by no means prohibitive. 

Mr. J. Ernest Franck: It seemed that the conclusion at which Professor Pite 
arrived was almost a contradiction in terms. That conclusion appeared to be that they 
must take the whole of the work that had been done before ; they must have a know- 
ledge of it before they attempted to design in a new material, and before thev attempted 
to produce a treatment which would show the principles of the material in its 
constructive sense, and beauty in outline and proportion. Yet, if thev started from 
the study of the work that had been done before, he was afraid from what had been 
shown on the screen that they would arrive at a treatment of material totally opposite 
from the standpoint from which thev started. Therefore, it appeared that originality 
would be debarred in treatment, because many questions arose as to what could 
be called beauty of construction, and many principles were laid down as to what 
constituted true proportion in stonework and woodwork. 

The Professor had said that beauty could not perhaps be altogether expected in 
designs for a hospital ward. Тһе size of the windows and the proportions of the 
building were laid down, and must be adhcred to. But with all those conditions, 
some men had produced fine buildings with beauty of outline, asthetically good and 
sound ; and with all the limitations of reinforced concrete, perhaps somebody would 
rise to the occasion in future and produce a building which was even wsthetically 
sound. 

Professor Pite had spoken of thin walls, but Mr. Franck believed that thin walls 
of reinforced concrete would be a mistake from a constructional point of view. A 
building should perhaps take the form more of stanchions and lintels with a filling, 
and that would mean quite a separate treatment, if they were going to show a building 
consisting of thin walling where it would be necessary to indicate, as it were, the 
homogencity of the structure. Whether they should begin simply to apply stone 
facades to conerete construction, and show that it was simplv a stone facade, or 
whether marble lining or tiling could be applied to such buildings, was really quite 
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an open question. They had seen one illustration certainly on the screen of the 
Pantheon at Rome, with a marble interior, and he believed that the baths exhibited 
were also treated in a similar way with marble lining, but if a reinforced concrete 
building were treated in a similar way, it would not indicate altogether the difference 
in structure, and the aesthetic treatment of the marble would have to be on rather 
different lines from that which had gone before to show it. That was what he meant 
really when he said that the conclusions of the paper were rather a contradiction of the 
original principles laid down 

Mr. C. H. Colson, M.Inst. C. E., assumed that as an engineer he was not supposed 
to know much about beauty, but if in future he had to design buildings which were 
required to have a certain amount of beauty, his aim would be to carry out a vertical 
style of architecture—a building largelv supported bv verticals, and in which advan- 
tage was taken, as far as possible, of the character of the material being dealt with. 
The material would be massed more or less in uprights and in beams, rather than spread 
over large surfaces. Не would avoid all scabs of cement on the surface, or treatment of 
that class. Ву using different aggregates, it was possible to obtain a large variety 
of different textures and colours, and they would boe lasting. 

One point in the discussion seemed to be that beauty was regarded as a thing 
which was never to change. Surely that was not correct. What was regarded as 
beautv in one age was not necessarilv so interpreted in another, and he was unable 
to follow the principle that they should alwavs strain after what had gone before. 
Rather should they allow the new material to bring its own ideas of beauty in the 
future. 


Mr. A. E. Corbett, F.R.I.B.A.: The only criticism he could personally suggest of 
Professor Pite's paper was that perhaps the engineering aspect of the question had been 
too much omitted. It seemed that whenever the Professor was approaching anything 
like a broad treatment of things, he regarded it as pure engineering and consequently 
outside his subject. That, however, was just the very treatment which should be 
tackled and made most of, and it was perhaps not work which should be donc cither by 
an architect or an engineer. The proper man was an architect who had very sincerely 
studied engineering, or an engineer who had gone through a very thorough training in 
architecture, and the way to begin was with purely utilitarian structures. 

He was a little surprised to hear from Professor Pite the suggestion of covering up 
concrete structures with stone. It was a safe doctrine, no doubt, but it was not the 
wav to get on. Could not a beginning be made with such things as warehouses, where 
the client did not expect very much ? They might be able to treat warchouses almost 
from an enginecring point of view, with also a little architectural treatment. 

Professor Pite, it seemed, had rather scoffed at the Forth Bridge as a thing of 
Beauty, but if its equivalent in reinforced concretecould beobtained in a building, which 
expressed reinforced concrete as well as the Forth Bridge expressed steel con- 
struction, they would be a long way on the correct road. 

Mr. Percival M. Fraser, A.R.1.B.A.: It was a pity that the paper was not the 
° Esthetic Treatment of Reinforced Concrete ” ; it would have been far more useful. 
There was as much difference between concrete and reinforced concrete as there was 
between brick and reinforced concrete. Concrete without reinforcement was entirely 
‘different. Its bulk was different, its design was different, its uses were quite different. 
Reinforced concrete had many peculiarities which had not been touched upon at all 
by Professor Beresford Pite. The architecture of past ages had been variously classified. 
He remembered a very pertinent classification, namely, the architecture of the beam, 
and later the architecture of the arch. Could they not find some outside classitica- 
tion for reinforced concrete, such as the architecture of the bracket ? The bracket 
was, in his opinion, onc of the great peculiarities of reinforced concrete, because it 
‘could be extended and enlarged in such an extraordinary manner. Those who had 
‘seen M. Hennebique's house or the Auteuil Works at Paris, could not have failed to 
have been impressed by the wonderful uses the bracket had been put to and the 
influence it was likely to have on design. 

He saw no reason for anything blasphemous in facing reinforced concrete with 
‘stone. He did not know that reinforced concrete or concrete was a nobler material 


499 


THE CONCRETE INSTITUTE. (CONCRETE) 


than brick, and in London, of course, it was freely faced with stone. In the country, 
in those localities where stone was readily obtainable, the walls were generally solid, 
but reinforced concrete in towns was made up of materials which were brought from 
outside the town and imported materials, and it was quite feasible to face with stone. 
He was not a lover of stone facings for buildings, but he thought the obvious treatment 


of reinforced concrete was to block out the masses and to treat with plaster ornament, 
or better, perhaps, mosaic. 


The Chairman (Sir Henry Tanner) put the motion of thanks to Professor 
Beresford Pite and it was carried by acclamation. 

In presenting the vote of thanks, Sir Henry Tanner said it seemed to him that 
reinforced concrete had to be considered from different standpoints. If thev had it 
in a building in a town, it had to be treated in a different manner from the 
country, or in an engineering structure. In an engincering structure there was no 
reason to cover it in any wav ; it made a very good face itself. But in a town or city 
where they wanted something more architectural, they must adopt some other 
material. He did not think that concrete pure and unadorned would exactly suit a 
city, say the City of London. It would be exceedingly dirty in a very short time. 
He did not say that any other surface kept clean, but people would not be satisfied 
with it. They wanted a better appearance, they wanted to spend a little more moncy ; 
as a matter of fact they would not think it of sufficient importance. That led him to 
adopt stone for the street fronts of the Post Office. 

So far as Professor Beresford Pite went, it seemed he rather supported the use, 
more or less, of ancient architecture as an adornment for concrete. A remark made by 
Mr. Corbett was very much to the point; іп fact he agreed with him so far as street 
architecture was concerned, but when they came to warehouses, they could adopt 
some more visible use of the concrete. That was what he should do himself if he were 
to build a warehouse. The constructor had the opportunity of exhibiting the pillars 
and the lintels, so that they formed really a series of screens between the pillars on the 
different floor levels. 

THE LECTURER'S REPLY. 


Professor Beresford Pite suggested that when the paper was printed and digested 
bv members of the Institute, they must have an extended discussion, because he thought 
the subject was one of v ery great importance. If the Institute would find the oppor- 
tunity, possibly the study of the paper must be useful, because he was sorry to say that 
he found it practically impossible to write these papers in advance. These subjects 
grew in one's mind so steadily and so persistently that until they came to the climax 
of having actually to be produced one really did not find one’s self in the position to 
fecl much enthusiasm about them. 

A great many very interesting points had evolved themselves in the course of the 
discussion, but he could only prepare the way for a future discussion by saying he 
disputed the right of engineers to wsthetically deal with the subject without training. 
They had no more right to sit down and talk about how they were to design masses, 
design vertical and horizontal forms, than he had, as an architect, to discuss with them 
how he was to design an enormous concrete work. If he knew, he should expect them 
to listen to him ; if they knew, he should listen to them with pleasure, but they did not ; 
they absolutely did not. There was no evidence in their works that they did. 

The subject they had was “ The ZEsthctic Treatment of Concrete,” not the subject 
of what the engincers would do, and he devoted the preface to the paper to that. 
What the engincer had to do was to be done soundly, honestly and naturally, and thus 
unconsciously be wsthetic. It was when the engineer attempted to be consciously 
esthetic that he exposed the cloven hoof. As long as he would be as unconscious as 
Sir Benjamin Baker was when he produced the Forth Bridge, which he did not scoff at, 
he would be truly esthetic. Why did not the Council of the Institute invite a dis- 
tinguished engineer to read a paper on the '' /Esthetic Treatment of Concrete Build- 
ings ?" They should have listened with delight and pleasure. He should have 
been vastly interested to find the line that a professional engineer would have 
pursued. 


His point was that they could not separate a concrete building from the laws 
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which governed other buildings. They must have the natural and inevitable results 
of utilitarian and constructive law accumulating in æsthetic force and value. Тһеу 
had them in the Forth Bridge, ina gasomcter, and a number of other ways ; they had 
it in the original basis of other styles of architecture, but ultimately the language that 
they spoke, the music that they heard, the architecture that they saw, were the results 
of a long process, a world-wide historic process of the evolution of form. The 
creation of doctrine on this evolution needed understanding. It was not very 
remote, but it was very wide ; it was not very difficult, but it required time and train- 
ing, and, on this subject, architecture spoke with authority. This was the esthetic 
aspect of a practical subject on which he had thc honour to be invited to address 
them, and if at any other time the Concrete Institute invited a practical engineer to 
deal with this subject, he had no doubt they should have as interesting a discussion 
as if the Institute of British Architects invited one of their ordinary members to deal 
with a highly complex engineering topic and invited the engineers to criticise it. 

With regard to the facade treatment of stone and brick work, Mr. Corbett suggested 
he was unexpectedly cowardly about that. That was only because he had forgotten 
his words. He was not at all. It must have been cowardly if he had not referred to 
the subject. With Sir Henry Tanner in the chair, he thought it would be more 
courageous to do so, and so he simply remarked that, until they had progressed in the 
adaptation of architectural form to their new material, till their architectural forms 
had acquired the texture of concrete, the path of least resistance, of safcty, and of 
modest y, had been and still was to mask the concrete quality by a surface treatment. 
The whole object of his paper was to direct the line upon which, after study, the 
realisation of the texture could proceed. His own personal and private opinion was 
that he should very much prefer Sir Henry Tanner's architecturc, just as he designed it, 
but executed in concrete without joints. It would lead thema step further on the evolu- 
tion of this textural adaptation of architectural forms to the new material. Sir Henry 
Tanner's action in the matter was characteristic, was just as true to the age in which 
they lived as the casing of any steel structure with brick or any other material. To 
case it with a noble material, because it was an ignoble material on a noble site, was, of 
course, a perfectly logical and defensible position. No one expected Sir Henry Tanner to 
embark on asthetic experiments with a new material in the heart of the City of London. 

He would like to suggest to them that, with all the honest directness of practical 
construction, there were occasions when they wanted to decorate. There were occa- 
sions when they wanted to manifest pleasure permanently ; he did not mean for the 
purpose of Coronation decorations, but permanently. There was no reason why a 
great bridge should not be thrown across the Thames, one whacking great cantclever 
right over St. Paul's Churchvard to Bethlem, one real great thing as big as the Forth 
Bridge going right over, to take the world right over the river, over the slums, and land 
them somewhere in the neighbourhood of the Elephant and Castle. There was no 
reason why one great bridge, on the principle of the cantelever, the central span of the 
Forth Bridge, should not be undertaken. But Sir Benjamin Baker would not have 
undertaken to decorate it, and the engineers were not qualified. to undertake it. 
As a civic monument, the architectural necessities would demand it. It would demand 
a powerful and attractive system of ornament and decoration. 

As to the ultimate standards of beauty, he reminded them that there were such 
things. Of course, ideas of beauty changed very rapidly. [It must have ethnic limi- 
tations that was to say; what was ultimately beautiful to the Japanese and the Chinese 
and the Hindu was not ultimately beautiful to themselves as Europeans, but he was per- 
suaded there were subtle and fundamental elements of beauty in the greater monu- 
mental arts which were common to mankind and of common perception. The fact that 
they enjoved, derived pleasure from the forms which delighted Pericles and Demos- 
thenes and the great Grecks was a fact to grip. It meant that there was something in 
the world which lasted. It was their business to find out the secret of this esthetic 
element. The engincer was one who was concerned with the flying buttress, stress 
and strain, but the other fact was there, a fact which had to be dealt with, a fact 
which was a proper object of inquiry. 

One other suggestion was made bv Mr. Malcolm Fraser as to simple classifications 
as applied to reinforced concrete. There was nothing in his paper which would not be 
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as applicable to reinforced concrete, as to concrete that was not reinforced, or in any 
other form. The principles underlying were just the same. If he were to take 
medieval architecture and discuss with them entirely architecture in stone, he should 
be discussing very much architecture in brick or architecture in concrete which was not 
reinforced, but if he turned to discuss with them medieval half-timber framing with the 
bracketting and the pinning of the joints supplving the points of strength where the 
stress existed, he should be treading very. very nearly on the parallel path of the 
designer of modern reinforced-concrete. 


The Chairman promiscd they should do their best to carry out Professor Beresford 
Pite's suggestion that thev should have a further meeting on the subject. Hc was 
sure it would be of extreme interest to everybody, and, if they could get an engincer, 
they would do so. 


THE Y.M.C.A. BUILDING, MANCHESTER. 
By ALFRED E. CORBETT, F.R.LB.A. (of Woodhouse, Corbett & Dean). 


THis very useful paper, which was accompanied by some excellent illustra- 
tions, claims careful attention. Thisstructure was dealt with by us in our issue 
of May, 1911, and for the purposes of illustration we repeat two views of the 
building which have already been published in our paper, and we would also 
refer our readers to the drawings which illustrated the article in question. 

Below will be found an extract of the paper and the subsequent discussion : — 


INTRODUCTION. 

Special Reasons for Adoption of Reinforced Concrete. —lThc original working 
drawings were made with a view to brick walls and skeleton steel construction ; and 
the decision, when they were nearly completed, to make it a reinforced concrete 
structure was largely due to two parts of the building which seemed peculiarlv suited 
for such construction. 

The swimming bath, 60 ft. bv 21 ft., on the top floor of the building, might have 
been constructed as an iron tank, lined with asphalt and glazed brickwork, but the 
initial cost and maintenance would be considerable. Reinforced concrete seemed 
much the simplest method to adopt for this tank. 

The other special construction was the method of spanning the large hall, a 50-ft. 
span, without columns. The floor above the hall consists of class-rooms, and was so 
arranged that the division walls between the class-rooms should form trussed girders 
I2 ft. deep and 5o-ft. span, supporting the floors of the class-rooms, and of the gvm- 
nasium immediately over them. These trusses were designed in steel, with the 
intention of enclosing them in solid concrete walls for preservation, but it seemed more 
reasonable to use the concrete for constructional as well as protective purposes by 
reinforcing it with about one-sixth of the amount of steel required in a steel truss. 

These special considerations, allied to the ordinary advantages, induced us to 
carry out the work in reinforced concrete ; and now that the work is finished we are 
convinced that the right decision was come to, in spite of the difficulties which we had 
to surmount. 

Approval by Local Authority. — The first and most serious difficulty was with the 
Corporation. At that time the material was not recognised in the Manchester by-laws, 
and although powers to deal with it were being applied for, we were too carly to get a 
ready consent to our proposals. Eventually we received approval of the plans, 
subject to no external wall being less than 9 in. thick. Partly to this delav, and 
partly to the elevations having been designed for brick walls in the first instance, is 
due the thickness of the walls in some places. 
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Specification Clauses. —We invited schemes from five firms of specialists, accom- 
panied by tenders from contractors nominated bv the specialists. 

Each firm of specialists was supplied with a set of one-eighth scale working drawings, 
the eight sections having been altered to show reinforced-concrete construction, and 
the eleven plans still showing brick walls. 

A specification was also supplied, and some clauses may perhaps be discussed 
with advantage. 


T 


«e "Eme iom 
"bec. o туут" 
T T 
e 2 - 


7 
— 


wa: 
M: 
474, 


2s 
Vf 


a 


8 
Am 
sre FH rx 


L 


r- 


de 
т 
z 
| 
d: 


NR 
e 


ium 
ГУ. 
7P 


| 


View of Finished. Building. 
Y.M.C.A. BUILDING, MANCHESTER. 


The floor load throughout the building was to be 2 cwts. per sq. ft., in addition 
to weight of floor. This high load was adopted at the request of the citv authorities, 
we ourselves having intended to allow rJ cwts. per sq. ft., which would have been 
quite ample. 

Provision was made for testing steel and cement before use; and for tests of 
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portions of the flooring two months old with a super load of 3 cwt. per sq. ft., the 


-leflection not to exceed 41, of the span. 
The following rather drastic clauses were aiso introduced : 


“ Tf the results of compression tests of sample cubes of concrete show the 
strength of concrete to be less than 95 per cent. of the strength allowed for in the 
calculations the architects may require all work done from the batch in question 
to be replaced by fresh concrete at the contractor's expense.” 

“ The architects may select any member or portion of the structure to be 
tested to destruction 28 days after moulding. The test piece тау be either the 
actual part erected as a permanent part of the building, or an exactly similar 
piece made for the test, or a model on a reduced scale. If the pieces tested 
should fail under a load of less than four times the calculated safe load, the corre- 
sponding part of the actual building shall be strengthened to the architect's 
satisfaction, and the whole cost of such strengthening, and of the test, shall be 
borne by the contractor. If the piece bear a load of four times the calculated 
safe load before breaking, the net cost of the piece and the cost of the test shall 
be borne by the proprictors.” 

“ The architects may order any additional tests on the understanding that 
if the result be according to the specification the proprietors shall bear the cost ; 
and if the result be not according to the specification the contractor shall bear 
the cost.” 


These powers were not made use of, but something of the kind would be of value 
‘should there be reason to suspect bad work, or should there be any difference of 
opinion as to the sufficiency of strength in the design of any member. 

We also specificd that provision should be made for skilled supervision during 
erection, and consequently had one of the spccialist’s engineers resident on the work, 
a very valuable factor of safety on such a complex work. 

Comparison of Schemes.—We had asked the competing specialist firms to 
supply us with sufficient particulars to enable us to check the strengths of 
their respective schemes, and four out of the five complied with our request. It 
was, of course, impossible to cheek the entire design, but we selected typical 
members throughout the building and calculated their strength in accordance 
with the Report of the Joint Committee on Reinforced Concrete appointed bv the 
Royal Institute of British Architects, and tabulated these as a percentage of the 
strength required. 

After discussion with the firms concerned, it was decided to accept the tender ot 
Messrs. J. Bentley & Co.. of Bradford, for the scheme submitted by the Trussed Con- 
-crete Steel Co., Ltd., on the " Каһп” system. In addition to being next to the 
lowest in price, this scheme had various advantages, one being the increased resistance 
to sound transmission gained by hollow-tile floor construction. An important con- 
cession was made during the negotiations—viz., that in developing the working 
drawings every member should be calculated to the R.I.B.A. standard, the drawings 
and calculations being referred to Mr. С. F. Marsh, M.IEnst.C.E., for him to decide if 
this was the case ; his fee to be paid by the specialists. This was of great value to us 
in getting the approval of the Corporation. 

Tests of Cement and Concrete.—In defining the concrete to be used, instead of 
specifying materials and proportions, it formed part of the contract that the concrete 
at 28 days old should have a crushing strength of 154 tons per sq. ft., this being the 
standard given in the R.T.B. A. Report 

A very interesting series of tests was then undertaken to ascertain the most 
suitable local materials and their proportions. The mixture adopted was 1 cwt. of 
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cement, 3 cu. ft. of sand, and 6 cu. ft. of stone, the stone passing a 1-in. mesh. This 


gave the required strength in the preliminary tests. 
Our preliminary tests with various sands and stones showed the kind of sand 
used to be more important than the kind of stone. Other tests with the selected 


Interior of Large Hall. 
Ү.М.С.А. BUILDING, MANCHESTER. 


materials in eleven different proportions strongly supported the wcll-known fact that 
it is the proportion of cement to sand which governs the strength of concrete, rather 
than the proportion of cement to total aggregate. 

Another test showed the rclative strength of concrete when used fresh, and when 
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left standing for two, four, or six hours before moulding; the latter cubes having 
respectively 84 per cent., 75 per cent., and 68 per cent. of the strength of fresh concrete. 

Retalning Walls.—To pass on to actual construction, the whole of the foundations 
were on fairly hard red sandstone, on which a pressure of 7 tons per sq. ft. was allowed. 
The retaining walls were designed as beams subjected to a horizontal load, and sup- 
ported at each end by a stanchion, instead of either depending on a sole picce for 
stability or acting as a vertical beam against the floor. 

We had intended to trust to our concrete wall for resisting damp, but the Cor- 
poration insisted on a cavity wall, which we formed by means of a 3 in. brick-on-edge 
wall in cement inside the retaining wall. 

Although the retaining walls were only from 6 in. to 14 in. thick, according to 
span and depth, we could not detect any leakage of moisture through them before 
the brick inner skins were built, except for a slight flaw in the joint with floor slab, 
and apparently they would have been quite satisfactory without a cavitv. 

Girders over Hall.—1 have already referred to the large girders, 50-ft. span and 
I2 ft. dcep, carrying the two floors over the large hall. These girders are very rigidly 
braced in position by being monolithic with the floors at top and bottom, the T head 
of the girder being a part of the upper, or gvmnasium, floor. The only difficulty in 
designing them lay in the opening, 7 ft. 6 in. high by 6 ft. wide, required through the 
middle for a corridor, which reduced the resistance to any shearing stresses set up by 
unequal loading. This was overcome by a triangular frame of reinforcement round 
the opening. The girders, with their T heads, weigh about 47 tons each, which 
includes 2] tons of steel reinforcement, and are calculated to carry safely a load o 
230 tons each, including weight of structure. 

Roof Principals.—Over the gymnasium are а running-track gallery and two 
fives courts, presenting the same problem of a 50-ft. span without intermediate sup- 
ports. In this case the four side walls of the fives courts were made into trussed 
girders or principals of about the shape of a qucen-post roof truss. The only difficulty 
with these large : rincipals was to get enough shearing resistance close tothe supports 
and the thickness was considerably increased at these points. The Space between the 
centre pair is 30 ft. wide, making a central area 29 ft. high with a glazed roof supported 
by two curved secondary principals resting on purlins 3 ft. 6 in. deep. 

Running Track.—From the fives-courts walls, or roof principals, hangers descend 
to support the running-track gallery. This was preferred to cantilevering, partly 
on account of want of head-room, and partly to avoid bending stress on the stanchions 
at their thinnest part. 

The track parapet was made into a continuous beam 3 ft. high, and this spans 
30 ft. between hangers at cach side of the central lofty space. 

The running-track surface was banked up from the concrete slab with curved 
wooden framing covered with boarding and cork carpet. 

Swimming Bath.—Perhaps the most intcresting part of the building is the fifth 
floor swimming bath, in which over 180 tons of water have a surface 57 ft. above 
the street. 

Itis simply a rectangular box, 60 ft. by 21 ft., with a water depth of from 3 ft. 6 in. 
to 6 ft. 6 in., and rests on transverse beams varving in depth from 3 ft. to 6 ft. 6 in, 
and 26-ft. span; the thickness of bottom being 7} in. and the sides being from 5 іп. 
to 6! in. thick. 

We carefully considered whether to line it with asphalt or similar lining, and 
decided to trust to the concrete alone, simplv lined with glazed tiles set in cement. 

The concrete was specially graded with 1 volume of cement, 13 of sand, and 
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23 of stone riddled through a j-in. mesh. The whole of the bottom slab was cast in 
опе дау. Five days afterwards the edges were grouted with neat cement, and the whole 
enclosing wall, up to water level, was cast in a single day. 

As a precaution against leakage, a light tray 3 in. to 4 in. thick was constructed 
level with the soffit of the supporting beams, and this tray was aspha!ted. 

Test of Bath.— Three months after casting, but before fixing the tile lining, the 
bath was very slowly filled with water, and readings were taken of the deflection of the 
two shallowest beams, which happened to be subject to the greatest weight of water. 
The maximum deflection, with the full 6 ft. 6 in. depth of water, was barely ,, in., 
or under рс of the span. It is interesting to note that the deflection of these beams 
corresponded closely to that of the gallery cantilever. There was no sign of the 
slightest crack in the bath itself, but it was rather surprising to note that exactly in 
the centre of the span this very slight deflection caused a crack in the soffit of the thin 
asphalted tray. This occurred in every bay, stopping about a foot short of the beam, 
and was obviously duc to the reinforcement only being provided in one direction. 

On first filling the bath there was a very slight leakage, as expected, but it did not 
exceed about a quart a day. Without any special treatment this very slight porosity 
of the concrete rapidly closed up, and in six or eight weeks the whole exterior of the 
bath was bone dry. 

Four months after filling the batb was emptied and lined with white glazed tiles, 
and after an interval of three months was again filled, and was found to be perfectly 
dry externally. 

Roof Beams.—I\n constructing the flat portions of the roof height underneath 
was very limited, and to prevent any loss of height all roof beams were put above the 
roof slab instead of below, with their ends chamfered off so as not to project above the 
coping. Holes were lcft through them for rain water to pass through, and by this 
means a level ceiling was secured at the greatest possible height. The flat roof was 
asphalted. 

Posts for Handrail.—Near the edge of the roof a light handrail is supported by 
reinforced concrete posts, the posts being made strong enough to support a cradle 
for washing the walls. | 

Flagstaff. —Thc flagstaff, 27 ft. high, is of reinforced concrete, and is ro іп. 
diameter at the base and 6 in. at the top, cast solid of the same grade of concrete as 
the swimming bath, and reinforced by six j-in. bars. It was severely tested four 
months after casting, when a very large triangular flag, 14 ft. high by 26 ft. long, was 
run up on a very gusty day, and its tail so fastened, to displav some lettering, that the 
flag happened to be at right angles to the wind. I had a very surprising demonstra- 
tion of the elasticity of reinforced concrete, as the flagstaff whipped about like a piece 
of lance-wood. I could not take actual readings, but I estimated that it moved at 
least 4 in. out of the perpendicular in each direction, which would be a deflection of 
one-eightieth of its length. No sign of cracking was visible. 

Fixing Steel Window Frames. — The steel window frames were specified to 
be built in as the work progressed. Practice on this point seems to vary, and later on 
we decided to insert the stecl frames after the building was nearly completed, on account 
of risk of damage by buckling and bv accident. A minor reason is the action of wet 
cement in destroying paint, and the consequent difficulty of keeping built-in frames 
free from rust. A V-groove was left or cut in the concrete, and the frames grouted 
up to it, being screwed to lugs let into the concrete. 

Holes for Pipes.—The various holes required for steam and  water-pipes, 
electric tubing, etc., were nearly all cut out afterwards, because of the difficulty 
of getting them in the exact positions if they were formed while casting 


D 2 507 


THE CONCRETE INSTITUTE. 


the concrete. The disadvantage of cutting them afterwards is the risk of 
spalling off large lumps of concrete, and, even more serious, of cutting through 
the reinforcement. 

So far as holes for stair balusters are concerned it is probably better to cast them, 
as they are too near the edge for safe cutting afterwards. 

Many pipe holes were avoided by the provision of two chases from roof to sub- 
basement, large enough for a number of pipes and for access to same. 

Tiling and Terrazzo.—The walls in some of the principal rooms and stairs are 
tiled with “ Vitreous Tiles," and in the lavatories and kitchen, and round the swimming 
bath, are covered with marble terrazzo mosaic, which is a very suitable material 
for finishing a concrete structure internally, as it is really polished concrete with a 
marble aggregate, and does not introduce an alien material for finishing. Terrazzo 
was also used in the convenient form of reinforced slabs, 14 in. thick, for w.c. or shower- 
bath divisions. 

Area Whitewashed.—The internal light area was intended to be tiled, but con- 
siderations of price, of possible crazing of tiles, and possible detachment of tiles, led 
us to substitute cement rendering, which is to be periodically whitewashed. We 
think this was a right decision, seeing that no clear glass windows give a view of the 
area, as there is no doubt that the whitewash is a very effective reflector so long as 
it is reasonably clean, and it is very cheap to renew. 

Acoustics.—Mention may be made of the acoustical qualities of the large hall, 
seating 900 people. Before building we had it from apparently good authorities that, 
firstly, such a hall built of reinforced concrete would reverberate like a huge drum ; 
and, secondly, that it would be so '' dead ” as to be so very bad for sound. Of these 
extreme prophecies the latter was much nearer the truth, and we added as much 
resonant material as possible in the shape of hollow fibrous plaster ceilings and gallery 
fronts, and thin fibrous plaster slabs firred out from the walls of gallery and back of 
platform. l 

The acoustical results proved to be very satisfactory. It is perhaps impossible 
to get absolute perfection for both speaking and music, and in this case the hall is 
exceptionally good for speaking, and slightly less good for music. 

Hollow-Tile Floors. —TIhe bulk of the floors throughout are constructed with 
hollow tiles separating 4-in. rcinforced-concrete joists, to prevent transmission of 
sound. There is a remarkable difference between the reverberation of sound under 
the thin slab floors and the comparative deadness under the hollow-tile floors. 

Temperature Cracks.—The floors were reinforced in one direction only, and this 
led to the occurrence of a few temperature cracks, the chief ones being in some of the 
slabs over the large hall. These occurred under the rather trying conditions of having 
the large hall fully warmed and in use, while the rooms over it were unglazed and 
exposed to cold weather; the result being a few unimportant cracks parallel to the 
reinforcement. A small amount of transverse reinforcement would be well worth 
having, to avoid such cracks, although of course they do not affect the direct bearing 
power of the floor in the direction of its span, but onlv the transverse strength. 

Floor Surtace.—The surface finish of the floors generally is ‘‘ Ebnerite," one of 
the patent jointless floorings which needs no floating, but itself fills up any slight 
irregularities in the concrete. This is also used on the staircases. 

Dryness of Bullding.—1t would be interesting to hear other opinions as to the 
relative dryness of brick and of reinforced-concrete buildings at the time when one 
wishes to introduce joinery. In our opinion reinforced concrete is very much drier 
than brick, and will generally give no occasion for artificial drying. 
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Safety of Construction. —Another useful point is the increased safety of con- 
struction, due to floors and staircases being completed as the building goes up. 


COST PER CUBIC FOOT. 
I cannot give you the cost as finally adjusted, but we believe this will be very 
close to the original amount stipulated, viz., £35,000. 
The cost per cubic foot, measured from under-side of concrete foundations to 
top of roof, works out about as follows :— 


Per ft. cube 
Complete reinforced concrete structure, including walls and floors and filling to 
terra-cotta, excluding excavating ea ssi sud sis € ims .. 3:04. 
Terra-cotta facing, including fixing... ids sus 5% TE ie Tem ... lld. 
All other trades together ... ias T РРР д ‘ies «is iss dod .. 9 1d. 
Total approximate cost ... ту А А 92а. 


Time of Building.—The first slab of concrete was laid on April 29th, 1909, and 
the concrete structure was completed on September 15th, тото, so that the complete 
concrete and terra-cotta shell occupied 164 months in erection, which was considerably 


more than we expected. 


DISCUSSION. 

The Chairman (Mr. E. P. Wells) heartily thanked Mr. Corbett for his Paper, 
and said he would have much pleasure in moving a vote of thanks to the author, 
after the discussion. 

Mr. W. G. Perkins (District Surveyor. Holborn): He only had the paper put 
into his hand before entering the room and consequentlv had had no time to study it 
properly. The first thing that struck him was that it seemed rather unreasonable 
on the part of the Manchester authorities to require such a high super-load to be 
adopted in making the calculations for the floors. As District Survevor of Holborn 
he had under his supervision the London Y.M.C.A. building at present in course of 
construction, and there he had agreed with the architect, Mr. Rowland Plumbe, to 
adopt loads varying from 70 to 120 lbs. per sq. ft. in addition to the weight of the 
floor, according to the position of the floor in the building. He did not know whether 
the Manchester authorities worked under a special Act, or whether they had by-laws, 
but it seemed desirable that thev should have some Act which should specify the 
load, much in the same way as super-loads were specified in the London County 
Council General Powers Act, 1909, where loads were laid down for floors in various 
tvpes of building. 

He was glad Mr. Corbett had called attention to the usual method of testing 
floors. It was a fact that about half a Бау on each side of a beam or cantilever was 
tested, and the parties making the test pointed with pride to the very small deflection 
that occurred. If they loaded the whole of the bay, as indicated by Mr. Corbett's 
drawing. some different results would have been attained. In the London Y.M.C.A. 
building just the same problem had to be faced with regard to the large girders over 
the hall. Instead of one corridor opening. thev had three, and the beams had been 
trussed in the form of N girders, much the same construction as Mr. Corbett had 
adopted. 

With regard to the holes for pipes, he found that in reinforced concrete buildings 
these holes and chases for pipes and electric wires were a great nuisance. Recently 
in a large public building, he found a firm of hot-water engineers merrily cutting 
chases at points of maximum stress, which chases varied in depth from 14 to 4-in. 
in a 6-in. floor. He had these pipes taken out and the whole wetted and grouted 
and filled in with fresh concrete. At the Y.M.C.A. building, London, these chases 
were cut out by a pneumatic machine, and then the chases were blown out by com- 
pressed air prior to the pipes being laid and grouted in, which appeared to him a very 
economical wav of doing it. 

If they found any difficulty in getting plaster to adhere to concrete, which gener- 
ally came out with a very smooth face, the best way was to lightly sprinkle the centreing 
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with a little coke breeze, and by this means a very good surface for plaster was 
obtainable. | 

He quite agreed with the author as to what he said about whitening. Glazed 
tiles invariably became cracked, and the glaze got dull and dirty, and in five or six 
years ceased to reflect any light at all. If the walls were rendered and cemented and 
periodically whitewashed, a much better result was obtained. 

It was advisable in all cases to have some amount of transverse reinforcement 
in slabs, not only to prevent temperature stress, but in order to distribute loads over 
the reinforcements, which were let in to take the stress. 


Mr. G. C. Workman had very much pleasure in thanking Mr. Corbett for his 
excellent paper, which was especially extremely interesting to him, because he had 
to deal with the building in preparing a preliminary scheme, and he knew the 
tremendous difficulties with which the architects had had to deal. He inquired why 
the swimming bath was put on the fourth floor, for there must have been some reason ? 
Would it not have been preferable to have put it in the basement ? 

Regarding the by-laws, he thought great praise was due to Messrs. Woodhouse, 
Corbett and Dean for boldly designing such a huge building in a comparatively new 
material, well knowing that there were no actual by-laws at the time, and that con- 
sequently there would be considerable delay and difficulty in getting the building 
passed. The sooner all districts got proper by-laws, the better. 

The very heavy super-load of 2 cwt. per sq. ft., upon which the building had 
been calculated, was absurd. It was far more than was required, and he should like 
to know whether the actual by-laws were still going to require these 2 cwts. for small 
buildings in Manchester, because, as far as he could remember, it was 11 cwts. ? 

He noticed that з}; of a span was specified in connection with the measure of 
deflection and that Mr. Corbett recognised that 4,1; would have been quite good 
enough. He was very pleased to hear that, because one was met sometimes with 
a stipulation that 44, of a span must be the maximum deflection under load. 
Mr. Corbett had not told them, but he supposed the test load consisted of 50 per cent. 
in excess of the super-load ? 


Mr. Corbett. —That was specified, but we did not do it. We did do the actual 
super-load of 2 cwt. 


Mr. Workman.—In what consisted the test then ? 

Mr. Corbett. —eWe thought that 2 cwt. was such an absurdly high load, that it 
was good enough for a test. 

Mr. Workman.—That is simply applying the super-load ? 

Mr. Corbett.—Yes. 


Mr. Workman thought they did not expect апу deflection. If they applied the 
super-load on a floor, they did not expect any deflection whatever. If they applied 
50 per cent. more, of course they did expect a deflection, but they did not expect 
that deflection to be permanent unless they were pretty heavy beams, considerable 
span, and not very much height. With a very heavy dead-load, they might have a 
little permanent deflection; it depended very much on the circumstances, but if 
they simply applied the load for which the floor had been calculated—the normal 
load—then it was not a test. 

Adverting to the 34, of the span, he had recently had to face the following specifica- 
tion fora test: The floor was to be loaded to 100 per cent. of the super-load— namely, 
twice the super-load—the deflection was not to exceed 33, of the span, and there was 
to be no permanent deflection. 

It seemed to him that those conditions very clearly showed that some definite 
regulation ought to be made as to what was really the deflection that was going to be 
chosen and selected. They had taken ‚ұу of a span because they found, when 
coming to this country, that Messrs. Hennebique had already that stipulation, and 
while there was absolutely no reason for it, if it was good enough for that firm it 
was good enough for them. The proper deflection of a beam ought to be calculated 
in cach case, but it was a matter which varied. It varied with a lot of circumstances 
and when one said they would put a super-imposed load of 50 per cent. in excess of 
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the super-load, and the maximum deflection was not to be greater than ‚іу; of the 
span, it simply meant that to all intents and purposes it was quite satisfactory. It 
was never attained in practice, but it was, as a matter of fact, very elastic. The 
accurate thing would be that the engineer supplving the design should say: 
“ You are going to test this beam. Now, this is the deflection which we have calcu- 
lated, and which you must reach under such and such a test load." 

Mr. Corbett had mentioned that the firm insisted upon having emergency props 
in case the test was not satisfactory and the structure came down. He was glad 
to hear that they thought it advisable to stipulate that. He knew very well it was 
an excellent precaution if by any chance the work had been badly done, or the 
tensional bars were placed in the top portion of the beam, which sometimes did 
happen accidentally, and there was nothing to take the tension in the bottom of the 
beam, and the floor did crack and threaten to come down. There was time to look 
into things because the emergency props were there, and you knew you were not 
going to have a serious collapse. He was very glad to hear that Messrs. Woodhouse, 
Corbett and Dean had thought it advisable, and he did not think tests ought to 
be carried out without this very necessary precautionary measure. 

He noticed that they had had cracks in thefloors. There was hardly one of these 
reinforced concrete buildings that had not got cracks. The proprietors of some 
systems would tell you, ‘‘ Oh, our system never has any cracks." It might be so, but 
there was one thing quite sure, they could not have a rich mixture of concrete such 
as they all had with these reinforced concrete buildings without having expansion 
cracks. It was simply the law of Nature. It did not matter how much stecl was 
put in, they would have cracks somewhere or other, and they were nearly always 
at the weakest point of the structure. It was necessary, as far as possible, to reinforce 
the concrete in such a manner as to diminish these cracks, to trv toobviate them as 
much as possible, because if they did not do that thev would have verv large cracks 
in certain parts, and it might be rather annoying in the plaster of a ceiling. for 
instance, where they might be unsightlv, but not dangerous, because, as Mr. Corbett 
had pointed out, the cracks were parallel to the main reinforcement, and although 
you could put a knife in one of those cracks, it would not in any way affect the strength 
of the floor. They quite recognised that, but they were not sightly things, and it 
was for that reason that he had heard a gentlemen there point out that sectional 
bars or distributing rods should always be provided. Mr. Corbett and Mr. Perkins 
drew attention to the fact that it was not a commendable practice to simply reinforce 
a slab in one direction without putting distributing rods. 

That brought him to another subject. In competing for a scheme like this, the 
great point was to have a low price. He knew very well that when they went into 
it, they put in distributing rods, but the system which had been adopted did not 
put in any. Experience had proved that distributing rods were necessary, and he 
was pleased to see that that had been borne out in practice. It had been pointed out 
to him very often that it was quite a waste of steel to put the distributing rods in, 
and he was almost on the point in one case of taking upon himself to knock all the 
distributing rods out, and simply put in the main reinforcement in the slab. He was 
then told by the firm's engineer: “Well, you will have far more cracks than vou would 
have otherwise. You might otherwise have small cracks due to contraction, but if 
you do not put in the distributing rods you will have far more." Then he had said : 
“Well, what am I to do? My design must be cheaper. If it is not cheaper, we 
will be out of it." They had decided to put the distributing rods in, and if they 
missed the job they would miss it. They did miss it, but it could not be helped. 

It all came to this, that the way specialists had to put their schemes before archi- 
tects at the present time was verv unsatisfactory, because it was simply a premium 
on bad design, and to a certain extent on bad workmanship, and he would very strongly 
urge that architects should first make a sclection as much as possible between the 
various systems which were in the markct now ; choose the one they thought best, 
and adopt that onc, but not of necessity that all these systems should be put 
in competition and the lowest tender accepted, because it led to this kind of thing, 
that eventually in the course of construction of the work it was found out that per- 
haps if this or that had been taken into account it might have been better; and, of 
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course, the conscientious methods took into account all those difficulties at the start, 
with the obvious result that they were thrown out of competition, not being the 
cheapest. 

He was bound to dwell a little on this last portion, because it was beginning to 
be a verv serious thing for the various firms of reinforced concrete engineers. They 
got flooded with demands from all parts of the country with schemes from architects. 
They did not like to offend them, but at the same time they had to draw their attention 
to the fact that they should like them to make up their minds and to select a system 
beforehand. He quite realised what the difficulties were, and he would welcome the 
day when the architects could see their way to gaining all the necessary knowledge and 
spend it on the selection of the method of construction which they were going ulti- 
mately to adopt. 

Mr. M. E. Yeatman.— Regarding the provision of safety props under a test load, 
he thought that was most desirable, and it was no slight on the excellence of the 
construction in any way. Ifa test was to be applied, it surely implied that there was 
some possibility of its proving a failure, or there would be no necessity to apply it, 
and if it was possible that the floor might not stand the dead-load of 2 cwt. per sq. ft., 
or 20 tons or whatever it might be in all, it was pretty certain the floor below would 
not stand the load of 20 tons falling то ft. on to it, especiallv if it was an upper floor ; 
there might be three or four floors underneath. They would all go one after the other. 

He quite sympathised with the difficulties of the competitive tenderers, when 
thev did not know whether to scamp their design a little or be conscientious and not 
get the job. It often came to that, but he did think the people who asked for com- 
petitive designs shouid employ a competent and careful engineer to examine between 
them, and to report not what was the cheapest job altogether, but what gave best 
value for their money. If they did that, then those who tendered fairly and con- 
scientiously would have a chance of reaping the advantage. There was a great 
temptation to do otherwise, because there was alwavsa chance that something might 
slip through and the design might be accepted because it was the cheapest, though not 
the best. 

Regarding this particular design, there were manv most interesting features in it, 
including the deep cross girders and the swimming bath on the upper floor. He should 
like to hear from Mr. Corbett if he knew the reason for putting the bath so high ? 
Was it to give a reserve of water for fire prevention ? That might be the reason for 
putting it on the upper floor. 

Mr. S. Bylander thought it was a very pleasing thing indeed that the author 
had let them see the working drawings and had also given very complete details of his 
difficulties. That was what they wanted to know; they did not want to know so 
much of the theoretical part as of the practical difficulties. He much valued the 
paper presented, because he had previously seen the drawings and estimated on 
them. 

He thought the fact that an expert was employed during the execution of the 
work was the most excellent point that he had seen applied. The same problem 
was suggested at the time of sending in specifications, and he should be very glad 
to know if Mr. Corbett could tell them what arrangements he made, or what arrange- 
ments he now suggested should be made in a similar case, as to how this expert should 
be paid? He thought he should be the servant of the architect, be quite independent, 
and be paid by the client. Не considered the value of such an expert was of much 
more importance than the selection of the particular svstem. The main thing was 
that the work was properly designed in accordance with the loads and good engineering 
practice, and that the work was carried out correctly. Most of the failures that had 
taken place had been due to careless work, and not so much on account of ignorance 
on the part of the engineer or draughtsman. 

Mr. Corbett had said that the authorities required that the floors should carry 
a super-load of 2 cwt. It was verv well that certain specifications should be given, 
but to what extent had the authorities checked the work as executed ? He thought 
it was more important that the authorities should have a qualified man who under- 
stood the work to check the actual carrving out of the work than to impose very 
severe conditions. 
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He noticed what Mr. Corbett mentioned about test loads for floor panels, and 
he undoubtedly thought the particular case referred to was one which was very suitable 
fora test. He did not very much believe in testing a floor slab of simple construction, 
as that could easily be figured, provided the calculations were right and the work 
was carried out correctly. Не hardly thought it necessary to have a test made. His 
idea was that a floor slab and a beam were so easily calculated, that the danger of 
any failure was so small compared with that which may take place in a column, or 
a connection between a main girder and a column, that the really difficult part of the 
structure which should be tested should really be the column; and he should like to 
know whether any arrangement was made, or any test made at all, of the column ? 

He understood the columns were designed so that the pier was really a rectangular 
concrete pier reinforced in the centre. Therefore you had to deal with part of the 
concrete outside and part inside. He took it the concrete inside was calculated to 
carry the load, and the concrete outside was simply there to fill the space—to form 
a pier. He did not suppose there was any difficulty, but if there was it would be very 
interesting to know whether Mr. Corbett found any difference in settlement or any 
cracks occurring between the outside skin and the inner core ? 

He agreed with all that had been said in reference to distributing rods. It was 
most essential that these things should be reinforced in both directions. It was quite 
obvious that the best way of determining the original extent of the secondary part 
was to calculate the floor slabs as well as concentrated loads, as then one could deter- 
mine where and how much reinforcement was required. 


The Chairman (Mr. E. P. Wells).—He agreed with Mr. Corbett and the other 
speakers about the excessive load of 2 cwt. per sq. ft. which was asked for by the Man- 
chester city authorities. The author might have gone further and taken a live load 
of 14 cwts., and he would have been perfectly safe, as an inclusive load, considering 
that he had got, as he assumed, factors of safety of 4 to 1, and especially taking into 
account that there was such an enormous increase of strength in the course of about 
I2 months after the work was constructed that he could have even gone down to 
I] cwts. inclusive per ft. super, and then there would have been ample strength in all 
the construction. 

The great reduction in the cost of the building was another matter to be con- 
sidered, especially when it came to the question of the wcights to be carried by the 
columns and then transmitted to the foundations. It was all very well asking for 
2 cwts. per sq. ft., but most authorities had no idea what they were asking for. It 
was the designer who knew the difference in the cost, especially when he had got to 
carry the wholc of the load. 

With reference to the deflection asked for—the 41; of a span—that was a matter 
which he should never put into a specification. If they had asked for şk it would 
have been nearer the mark. A beam with perfectly free ends, and a depth of about 
ys of the span, would give about ,۾«‎ of the span deflection. If loaded up to an excess 
of about 50 per cent. beyond the calculated load, when vou had continuous construction 
throughout, if they had beams of about „5, then they would get about ;;4,. If 
about ру or др, it came to 4,45 OF xoya of the span, which was a big difference. 

It would have been very interesting if the architect had carried out his original 
intention of making tests of the work to destruction, especially making a test in the 
slab, because it would have given him a very fair indication of what had been taking 
place in the structure itself. 

With regard to the test cubes of the concrete where the building was constructed 
partially in cold weather, what ought to have been done was to keep one sct of the 
cubes exposed to the normal atmospheric conditions, the same as applied to the 
concrete in the building, and the rest of the cubes kept under laboratory conditions at 
about 60" F. The laboratory conditions would have given the maximum crushing 
strength the same as was got in the summer, while the ones kept in the open air would 
have given the results of the concrete in actual work. Then, that was the criterion 
as to whether—if the centreing was strong and the loads were applied—there was 
. Sufficient compression in the concrete to resist what it had to carry. That was what 
ought to be done in all cases. The laboratory test would show what it was worth 
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directly the hot weather came, but the open-air test gave the actual conditions on the 
site. 

He was rather surprised, considering the cement that was used and the proportions 
of the aggregate which were mixed together—the aggregate and the sand—that it 
worked out a little bit stronger than a 5 to 1 concrete by gauge, and the compressive 
resistance as low as 108 tons was very different from his experience of the material 
that he had used in Manchester, and he could not understand how it was that it had 
run as low as it had done, even after being spread over a period of four months. What 
he had found was that using that aggregate and the same cement at Manchester, he 
had generally got about 108 tons in about between five and seven days, and the only 
point was as to whether the aggregate they used happened to have been exceedingly 
soft or not. He fancied it would be found that that had been the cause of the mischief, 
more so than the proportion of the sand, because the author stated that part of his sand 
was very fine and the other part coarse, and with the graduating of the sand in that way 
the very best results would be obtained. 

With reference to the cutting of the beams, be had a most amusing experience, 
which really showed the ignorance of some people, of a span of 24 ft. The beam 
was „î of the span, as it was required to be exceptionally shallow. He went down 
to the site, and he found in the centre of the beam a chase had been cut out 4 in. in 
width by 14 in. deep, and a leaden pipe 2 in. in diameter built into it, and at the centre 
a chase was cut out of the beam exposing the reinforcement, and also cut awav under- 
neath the full breadth of the beam. The consequence was that the compression 
member of the beam was reduced by over 50 per cent. It was tested to 50 per cent. 
in excess, and the deflection was only у of an inch. How that took place he did not 
know ; the concrete was exceptionally good. In the other direction—the span of the 
floor, which was 5 ins. thick and 13-ft. span— another chase was cut right in the middle 
of the span, 3 ins. wide by 1{ ins. deep, so that it reduced itself to a beam or a slab 
with a full span, but with a thickness of 5 ins. less 1} ins. at the centre, and he thought 
the deflection in that only amounted to р; of an inch. 

Taking the total cost of the structure as 92d. ; for the reinforced work, it worked 
out at 3d., and for the terra-cotta facing 1:14. The two combined made 4'1d., which 
was 44'56 per cent. of the total cost of the work, but all other trades together over 
the shell worked out at 125 per cent. more than what he might call the building proper 
did. It appeared to him that all the other trades were very expensive, or the reine 
forced work had been taken at a very low cost indeed. He should say, judging from 
what they had seen all round the walls, that for the expensive work that was put 
in at 2d. or 3d., nearly 44d. would have been the proper cost, so he was afraid the 
builders did not make a fortune out of the work. 

In conclusion, he moved a hearty vote of thanks to the author for his interesting 
paper. 

Mr. M. E. Yeatman scconded the motion, and it was unanimously carried. 


THE LECTURER'S REPLY. 

Mr. Corbett, replving to the discussion, agreed that the floor load was absurd 
and thought it was really simply a matter of nervousness on the part of the local 
authorities. They did not know where they were with reinforced concrete, and 
thinking they had better be on the safe side, thev had stipulated for the high load. 

There were no local by-laws. Everything was in such a very doubtful condition 
at present that each case had to be submitted to the city authorities on its merits for 
them to pass or refuse. They had powers in their new Acts to draw up rules for the 
guidance of reinforced concrete builders, but the rules were not drawn up, and he 
did not know when they would be. 

There was no appeal from the authoritics as there was in London, and that was 
where they were handicapped. Their building laws were not quite as bad as the 
London Building Act in some ways, but in London they had the advantage of appeal. 

The position of the bath on the fifth floor was simply a matter of light and air, 
and he thought toa large extent the placing of the bath was responsible for their success 
in the competition for the building. His firm thought that pure air and plenty of 
light were the first essentials for the athletic section of the building, even though 
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it did cost a little more to get them. Everybody was convinced that it was the right 
thing to do, and they had received more congratulation in respect of this part of the 
building than any other. They had ample light and ventilation, and it was practically 
like going through the exercises in the open air, and the actual cost was very little 
more than it would have been if thev had put the bath, etc., in the basement, while 
the advantage was very great. 

As to the point of deflection, Mr. Workman seemed to think that their gallery 
test was not a test, because it was not loaded above the ordinary super-load. While 
Mr. Workman had had much more experience of testing than he (the author) had, he 
should have thought it was a mere matter of accuracv of the mcasuring instruments, 
that whatever load was put on, the beam must deflect. In the case of their r1 ft. 6 in. 
cantilever it seemed possible that the y of an inch permanent deflection might be 
due to the supporting columns and beams taking their bearings and settling to their 
work, and the ду of an inch of temporary deflection was so slight as to be practically 
negligable. Anv floor, however well designed, would be expected to deflect to a slight 
extent under its normal working load. 

He quite sympathised with experts on the question of competition. Architects, 
however, could not go to simply one firm ; he wished they could, but, much as he wished 
that, it was only possible in exceptional cases. 

In the case of their building, the resident engineer was an employee of the specialist 
firm, and they included a provisional sum for his salary in their tender, and they 
paid him themselves direct, and that seemed to be quite a satisfactory way of doing it. 

On the subject of the desirability of testing columns he quite agreed, but how 
were they to doit? Не had worried himself a good deal about how it was to be done, 
but he could not see how. If they were to be tested at all, the lower part of the column 
where the load came ought to be tested, and that would cost a small fortune to begin 
with. It appeared to him the practical difficulties were too great. If they could 
tell him, he should very much like to know how it could be done ? 

He had not noticed any cracks between the core and the outer sections of the 
columns. The outer section was only a filling outside the core of the column. 

They were quite alive to the extra cost due to the 2 cwt. floor-load, but they 
thought with that they were still materially under what thev should have spent with 
ordinary steel construction, and it was a matter, failing the Court of Appeal, of doing 
what they were told in the matter of floor-loads, and thev had to do it. The 108 tons 
per sq. ft. on their concrete was the worst thev got. They ran up to 234 tons per ft., 
but the worst was what they had to look at. His own impression was that it was due 
very largely to cold weather and partly to an accidental excess of sand. It was not 
the mixed coarse and fine sand, but the rubbings from the stone— the excess of sand. 
The sand-stone in use was not a particularly hard stone, and coming in the 
trucks it had got shaken up on the journey and made a certain amount of sand, and 
in wet wcather that was more than in dry, and their difficulty was to get rid of the 
crushed stone-sand. These poor results werc attributable simply to an excess of the 
crushed stone-sand, which tests proved to be detrimental to the concrete. 

As to the amount that the builder made out of the job, he, of course, had no know- 
ledge of this. It was a very complicated work for him to carry out. It was to 
be hoped, however, that he had not lost on it. 


THE REPORTS. 
INTERIM REPORT OF THE TESTS STANDING COMMITTEE 
ON THE TESTING OF CONCRETE, REINFORCED CONCRETE, 
AND MATERIALS EMPLOYED THEREIN. 


1. The Tests Standing Committee of the Concrete Institute held their first 
meeting on January 26th, 191r, and have held five subsequent meetings. 

2. The Committee decided to take up for immediate investigation standard 
methods of testing concrete, reinforced concrete, and materials employed therein. 

3. This interim report deals only with the testing of the materials and specimen 
pieces of concrete. 
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Materials. —4. For the purpose of this report the materials employed in concrete 
and reinforced concrete will be classified under the following headings : 
(a) Ccafse Material. (d) Water. 
(b) Sand. (e) Steel. 
(c) Cement. 

5. This report does not take into consideration, so far as applied to reinforced 
concrete, any coarse material which does not pass an aperture of } in. by 1 in. and 
which is not retained on an aperture of } in. by 1 in. The material used for coarse 
material generally can be classified under the following headings : 


(a) Pit gravel. (f) Sea gravel crushed. 

(b) Do. crushed. (g) Crushed rock. 

(c) River gravel. (4) Crushed brick. 

(4) Do. crushed. (t) Crushed slag. 

(e) Sea gravel. (j) Clinker and coke breeze. 


Classes (i?) and (у) are not recommended as suitable material for reinforced соп» 
crete. 

Grading Sand and Coarse Material.—6. This Committec is of opinion that to 
obtain the best results in concrete, the coarse material and sand should be properly 
graded. 

Unfortunately the principle of grading coarse material and sand is very little 
resorted to, and consequently there are few data on this important subject. 

This is now being considered in detail by the Committee, and a further report 
will be issued in due course. 

Voids in Aggregate.—7. The result of a series of tests undertaken shows that 
the percentage of voids in materials varies according to the different sizes and grading 
from 35 per cent. to 48 per cent. 

Sand.—8. This report does not take into consideration, so far as applied to 
reinforced concrete, any sand which does not pass an aperture of } in. by 1 in., and 
which is not retained on an aperture of 4; in. by Fy in. 

Sand used in concrete work is as follows : 

(a) Pit sand (other than that of glacial origin). 
(b) River sand. 

(c) Sea sand. 

(d) Grit or sand from crushed coarse material. 

Dust in Sand.—9. It 15 important that all sand that 15 not retained on an aperture 
of » in. by уду in. should be rejected. The following results of tests have been submitted 
to this Committee as showing the deleterious effect of allowing dust to remain in the 


sand : 
PROPORTION. THREE TO ONE (BY WEIGHTI. 


Crushing Tests. 


Crushings from Porphyritic Granite and Blue-grey 
Whinstone to pass 30 x 30 Sieve, including all! Dust. 
| Per Square Inch. 
| 28 Days. 


2,789 lbs. 


British Standard Sand and Cement. 
Per Square Inch. 
28 Days 


606 Ibs. 


Tensile Tests. 


7 Days. 28 Days. | 7 Days. 28 Days. 


— M—— س‎ PREDA, eee 4 —————— 


| 
. 82:2 lbs. 234:6 lbs. 53:2 lbs. | 104 Ibs. 


Average of Five Tests at each Period.! 
1 Tests made for Messrs. Scott & Fraser by Messrs. D. Kirkaldy & Son. 
$16 


RBPORT OF THE TESTS COMMITTEE. 


Coarse Material and Sand Mixed.—10. As will be seen from the accompanying 
diagram, according to the various proportions of graded coarse material and sand, 
the percentage of voids varies from 24 per cent. to зо per cent. 

Cement.—11. All cement should be tested and analysed in accordance with the 
Engineering Standard Committee's latest specification. The Tests Standing Committee 
of the Concrete Institute strongly recommends that in addition the crushing strength 
of the cement should be ascertained in the following manner : 

Cubes for Crushing Test.—12. Cubes mixed in the proportion of 3 parts of 
standard sand to 1 part of cement, by weight, shall be made up and treated in all 
respects similar to briquettes of sand and cement for the tensile test, but the test 
specimens for crushing to be 3-in. cubes. The crushing strength shall be not less 


than ten times the tensile strength at 28 days required by the British Standard Speci- 
fication. 


Water.—13. This Committee is of opinion that it is not advisable to define the 
proportion of water to be used in making up concrete or test specimens of cement and 
concrete, as this quantity must be more or less dependent on the variations in the 
weather and the nature of the coarse material and sand used in each particular case ; 
but it is generally considered that the concrete should be mixed to a plastic state. 
though not so wet as to allow any dripping of the cement, water, and sand. 


Steel.—14. The following tests are recommended for all steel work for use in 
reinforced concrete. 

Is. The steel shall attain an ultimate tensile strength of not less than 60,000 lbs, 
per sq. in. 

I6. The steel shall withstand a stress of at least 34,000 lbs. per sq. in. before 
showing any appreciable permanent set. 

I7. The contraction of area at fracture shall be not less than 45 per cent. 

18. (Or) The elongation in the case of bars of I-in. diameter and under shall 
be not less than 25 per cent. measured on a length equal to eight times the diameter 
of the bar tested. 

The elongation shall be measured in the case of bars over r-in. diameter on a 
length equal to four diameters of the bar, and shall be not less than 30 per cent. 

I9. All steel shall stand bending cold to an angle of 180? around a diameter 
equal to that of the piece tested, without fracturing the skin of the bent portion. 

20. The steel shall be free from scabs and flaws. 


Crushing Resistance of Concrete. —21. For the purpose of ascertaining the 
crushing resistance of concrete the following particulars shall be complied with : 


(a) All test pieces shall be 4-in. or 6-in. cube. 
(6) Number of test specimens for each test shall be six. 


(c) Three cubes shall be made in the laboratory and three for each test shall be 
made on the works. 

(d) The cement for each series of cubes shall be taken from the same consignment. 

(e) All laboratory-made test cubes shall be made as far as possible on practical 
lines, so that the results of the tests shall be such as can be reasonably expected from 
concrete in the actual work with proper care and attention. 

(f) Specimen cubes from the works shall be made with concrete taken from the 
actual mixing platform ; the concrete used for the specimen cubes shall be taken from 
the various batches of concrete prepared for use in the works. 

(g) In all cases specimen pieces shall be made in metal moulds, and the concrete 
worked in by “ punning " and “ tamping ” and afterwards gently rammed. 
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Particulars to be Taken or Ascertained.—22. The following particulars shall be 
taken or ascertained of the materials used in the test specimens of the concrete : 
(a) Full test on cement as specified in Clauses 11 and 12. 
b) The coarse material and sand for the laboratory tests, which is to be taken 


from bulk as delivered to the works, shall be sieved to the following degrees and the 
voids ascertained of (1) the whole and (2) of each separate grading : 


Coarse Material. 


To pass an aperture of— To be retained on an aperture of— 
3 in. by $ in. 3 in. by ё in. 
8 in. by & in. 4 in. by 4 in. 
À in. by 4 in. йїп. by # in. 
8 in. by # in. 4 in. by i in. 
Sand. 
To pass an aperture of— To be retained on an aperture of— 
iin. by iin. à in. by йїп. 
&in. by &in. ya іп. by yy in. 
ya in. by yy in. ы in. by 4s in. 
gy in. by qy in. Xs in. by gs in. 


(c) The proportion of each grading to the whole. 

(e) The specific gravity of the coarse material and sand. 

(¢) The exact dimensions of specimen cubes. 

(c) The weight per cubic foot of all specimens immediately before testing. 

(f The testing of concrete specimens shall be conducted on three laboratory 
specimens and three specimens made on the work (see Clause 21), and shall be tested 
at the following periods : 


Minimum Tests. 7 days Medium Tests. 7 days 
(Recommended as the 28 ,, (Recommended {о Ье 28 ,, 
least that should be 55 p» undertaken wherever 56 ,, 
undertaken.) 90 ,, possible.) 90 ,, 
6 months 9 months 
12 ,, 1 year 
2 years 
Maximum Tests. 7 days 1 year ^ 
(Recommended for exten- 28 ,, 2 years 
sive structures and 56 ,, J^ 4 
research.) 90 ,, 4 ,, 
6 months 35 “a 
9 93 


All specimens shall be kept in air after mixing and slightly damped for the first 
seven days. 

All cubes made up on the works shall be forwarded to the laboratory on the fifth 
day. 

After the expiration of seven days specimens shall be kept under cover for the 
purpose only of protection from the direct action of rain and direct sunrays. 

Cost of Testing.—23. The Committce is of opinion that for the purpose of pro- 
viding for the cost of testing a provisional sum should be included in all contracts 
where such testing will be required, this being the most satisfactory and fairest way 
to all parties concerned. 

24. Members of the Institute are invited to forward the Committce particulars 
of any tests which they may have available. 


(Signed) WILLIAM G. KIRKALDY, 

Chairman of Tests Standing Committee. 
(Signed) A. Ar BAN Н. Ѕсотт, 

Hon. Secretary of Tests Standing Committee. 
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REPORT OF THE REINFORCED CONCRETE PRACTICE СОМ. 
MITTEE, EMBODYING SUGGESTIONS ON “THE STAN. 
DARDISATION OF DRAWINGS OF REINFORCED 
CONCRETE WORK.” 


THE Reinforced Concrete Practice Committee of the Institute also submitted 
a report on “ The Standardisation of Drawings," a summary of which we give 
below. In this connection we would refer our readers to an article, containing 
practically identical proposals, which appeared in our February, 1910, number, 
entitled ‘‘ Standard Methods for the Preparation of Reinforced Concrete Drawings." 
The discussion of this and the preceding report was postponed till the 


winter session. 

Scales.—In connection with the scales to be used for drawings, inquiry forms 
were sent to all the best known contractors and specialists undertaking reinforced 
concrete construction, but only a small number returned these forms filled in. No 
adequate classification of the practice among the contractors could therefore be 
arrived at from these inquiry forms, and the matter has therefore been considered 
from what is generally known of the practice of various specialists. 

A great number of scales have been, and are, employed by architects and 
engineers, but only a few are generally adopted. These few can be used to fulfil 
almost all requirements. Of course a scale is fundamentally chosen to suit the 
conditions of the extent of the job, and the size of the drawing paper, having due 
regard to clearness. 

After comparing the various scales in general use, the Committee suggested the 
following as the best scales for standardisation for the preparation of drawings for 
reinforced concrete work : 

For general drawings : 

Showing schemes in outline without detailing the reinforcements: }-in. 
scale (4,-in. scale to be substituted for }-in. scale for large jobs). 


For detail drawings : 

For framing plans and slab reinforcements : }-in. scale. 

For elevation of beams, etc., and general detail drawings : j-in. scale (}-in. 
scale to be substituted for 4-in. scale for large members). 

For sections of beams, etc. : 13-in. scale. 

For large details of intricate work : 3-in. scale. 
All dimensions should be figured on the plans and nothing left to be scaled. 


It is suggested that the size of shects upon which drawings are made should be 
standardised. For general purposes two sizes are advocated—namely, 40 in. by 
27 in., and 20 in. by 27 in. Larger sheets would be of the same depth, 27 in., but 
of greater length. These are measurements within the margin line, which latter should 
be ruled upon the tracing cloth, and photographic prints should be trimmed to this 
ruled margin line. 

Indicating the Reinforcements.—As regards the indication of reinforcements 
upon the plans, it is suggested that it will be found convenient generally on j-in. scale 
drawings to show main bars by means of thick solid lines, secondary bars by means 
of lines of medium thickness, and the outlines of ihe concrete and other work by 
means of thin lines. Working with this small scale it may often be found an advan- 
tage to omit the reinforcements in adjoining members—as, for instance, the bars 
in floor slabs when drawing elevations of T-beams—as otherwise the main reinforce- 
ments may be obscured. 

In 1j-in. and 3-in. scale drawings it will often be found advisable to show bars, 
when not of very small size, by means of double lines. The lines should, however, 
be strongly drawn. 

Sections will often require picking out. Many draughtsmen indicate the concrete 
by marks intended to show stones, as it is claimed that etching takes longer to do 
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and requires great care to ensure the lines being spaced regularly apart, without 
which the appearance is not good. There seems justice in this contention, and such 
marking for showing concrete is advised. 

Reinforcements shown in section should always be blacked in. Too much 
emphasis cannot be given to the reinforcements, as the drawings are specially intended 
to indicate them. 

Shading of bars should not be employed on anything less than half full-size 
drawings. 

Ink and Washes of Colour.—Waterproof black ink should always be emploved, 
and lines should be strong and solid. Мо washes or shading should be employed, 
because the former come out as solid patches by ordinary methods of reproduction ; 
and the latter, where drawings are reduced in process reproduction, tends to clog 
and produce solid patches as before mentioned. 

Stops to Ends of Lines.—In showing reinforcements on plans and elevations to 
4-in. scale it is necessary to employ some form of stop to the ends of each line to show 
where the ends of a bar terminate. The following is suggested as being clear, easily 
and quickly drawn, and as also avoiding any necessity for putting wording upon the 
drawings to state how the ends are to be dealt with : 


Ordinary cut ends thus  ... ———] 


Fishtail ends thus ... ER —_ ( 
Turned-over ends thus s —  — ] 


Hooked ends thus ... zs ¬ 


Cranking thus КА X ыы 


Wired junctions thus s 


_ Writing and Descriptions.—The following standard list of abbreviations to be 
written on drawings is advocated : 


Bars ... = es Ws T — or ine b 
Top bars  ... е» ess € zs ‘isa sis tb 
Cranked bars ipi ses sia san bad «ss cb 
Distributing bars ... е к. ids ia id d b 
Rounds T asi Ses РР 2d - T g 
Squares D 
Tees ... oon eae Е en T wee es T 
Steel | Angles ds mae АНУ те S id TR L 
Structural ' Joists... I 
Shapes `) Channels ы 
Flats or hoops ias t 
; ( Initial letter (or 
Special bars ... УЗ т Sas pus А ( letters) of trade 
name. 


Sheet Meshes.—In sections ——————- 


On plans КЕ" ёз ЕУР н 
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posee 


The mesh to be drawn on a part only of each bay, the 
boundary line of cach bay being dotted thus : 


Pitch or spacing (as in columns or slabs) ... Ps s we р 

Feet ы E i iss gis sis ЖР die ue 

Inches ... dos PES or o ids те es а 

Square inches in ? 

Cubic inches in.? 

Pounds per sq. in. wa "ET "T m 2. Jbs./in.? 

Imperial wire gauge ... T PON ын, Р zs ... ІМС. 

British standard section as vas ue is ng .. BSS. 
Examples : 

1I" D I-in. square bar. 

I^ f 3" p I-in. round bars at 3-in. pitch. 

1” f I-in. flat. 


Columns and Beams.— It is suggested that the position of the reinforcements in 
columns need not be indicated on every floor plan, it being only necessary on the 
larger scale drawings to show the position of beams, the outline of the columns being 
merely dotted in. This omission of the column bars makes for clearness. On }-in. 
scale drawings the columns may be blacked in solid. 

The columns throughout the structure should be detailed as a complete series, 
the outlines only of connecting beams being shown, as thereby the rcinforcements 
can be more clearly and conveniently shown in their proper relation one to another. 
If thought desirable, connections can be detailed to 14-in. or 3-in. scales. 

On plans the outlines of secondary beams should butt against the outlines of 
main beams. 

Walls standing upon any floor and carrying beams over, if shown upon the same 
plan as the beams, may be distinguished by etching. 

The plan of any floor should be drawn looking up—:.e., showing the beams and 
floor over, so that the '' First Floor Plan ” will show the second floor. 

In }-in. scale drawings the sections of floor slabs and beams сап be blackcd in 
solid. 

Lettering.— Titles should be put in the lower right-hand corners of all drawings, 
together with serial drawing numbers, this position being best for reference when 
drawings are kept either in rolls or flat in drawers. 

As regards the lettering upon drawings, this should be large and open. 

In American enginccring practice some gencral standard style of lettering is 
apparent. Whatever lcttering is adopted, it should be neat and easily drawn. An 
alphabet is put forward as being likely to meet all requirements.* 

Colouring Drawings.— It is inadvisable to colour drawings for reinforced concrete, 
and in drawing details, except of large size—1.e., 3-in. scale or half-full-size, it is 
not advisable to dot in the concrete in any way, as if at any time these are repro- 
duced in catalogues or newspapers the great reduction that must occur will run these 
closely-spaced marks togcther and clog the work or perhaps make a solid patch of 
ink. If, however, it should be found necessary to employ colours to distinguish 
various parts of the work, it should be recollected that all colours, except faint blue, 
by ordinary photographic reproduction come out the same as though thcy were in 
solid black ink. Therefore, if any wash is employed where reproduction is desired, 


it should be a very faint blue. 

A list of colours used upon architectural drawings where these have to be 
coloured was added, but as this is exactly similar to the one in our issue of 
February, 191o, we refer our rcaders to that number. 


* А reproduction of this alphabet will be found on page 94 of our issue of February, 1910. 
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SOME EXAMPLES OF 
CONCRETE & REINFORCED 


CONCRETE WORK IN 
MEXICO. 


It is with great pleasure that we publish an article dealing with the development of 
concrete and reinforced concrete in Mexico. Remarkable progress is being made in all con- 
structional work in that country, and concrete work is finding great favour there. — ED. 


THE MARKET HOUSE BRIDGE AT MONTERREY, MEXICO. 


A NOVEL application of reinforced concrete is shown in the accompanying views 
of a market house in the City of Monterrey, Mexico, supported on a reintorced 
concrete bridge of two arches af 74 ft. 2 in. span each, across the Santa Catarina 
River. The site was formerly occupied by a wooden market building on a through 
truss bridge of steel of two 75 ft. spans. The old bridge and market house were 
destroyed by fire in January, 1908, and in rebuilding the structure it was decided 
to use reinforced concrete throughout as being non-combustible. 

The old bridge had been supported on piers and abutments of cyclopean 
masonry. The stone pier was wrecked to a level of 1 ft. above the bed of the 
river, and the new pier 7 ft. thick at the base and 6 ft. thick at the springings 
was erected on this foundation. The abutments were wrecked to 6 ft. below the 
bed of the stream, and the new abutments built upon them as a foundation, 
but extending 6 ft. back of the old stone abutments which were 7 ft. thick. The 
new abutments were thus 13 ft. thick, supported on compact gravel at the rear. 
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THE Market HOUSE BRIDGE, MONTERREY, MEXICO. 
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Large rocks from the wrecked masonry were embedded in the concrete of the new 
abutments, and spaced not nearer than 12 іп. apart horizontally and 3 in. 
vertically. The concrete throughout the bridge was composed of one part cement, 
2] parts of sand, and 5 parts river gravel. 

The stability of the 13-ft. abutment for 74-ft. span was a question of con- 
siderable discussion, since, as is always the case, its dimensions are governed 
largely by the conditions of the foundations, which may vary greatly. When 
centres were struck the deflection was not greater than 4^ in. on either arch, and 
no cracks of any kind occurred, except as intended at the expansion joints at each 
end of the span, thus establishing the fact that for the given foundations the 
abutments had been properly proportioned. 

The arches were reinforced with ł-in. steel rods spaced I2 in. centre to centre 
arranged in one series, but crossing the arch ring at alternate points, one-third, 
one-half, and two-thirds the distance from springing to crown. Alternate rods 
are anchored in the face and back of abutments. The transverse reinforcement 
consist of #-in. rods spaced about 4 ft., and extending upwards into the spandril 
walls, which are also reinforced longitudinallv in the coping from expansion joint 
to expansion joint. 

The centering was extremelv light, made possible by the use of columns 
consisting of 2 in. bv 6 in. and 2 in. by 8 in. timbers in pairs arranged in the 
form of a T, that is, with the major dimensions of the 2 in. by 6 in. transverse 
to the major dimensions of the 2 in. by 8 in., and made to act together as a column 
by wrapping at intervals of 3 ft. or 4 ft. with No. то wire. No wedges were used 
for striking centres, but when the time arrived to strike centres the wires were 
cut, allowing each member of the compound column to buckle separatelv, thus 
subjecting the arch to stress very gradually. 

The arches were concreted in longitudinal rings continuous from abutment 
to middle of pier, and the spandril walls connected monolithically with the ring 
to avoid the unsightly ragged joint that otherwise would appear above the arch 
ring. Immediately after completion of the arch the earth fill was tamped into 
place to the level of the roadway, and after the fill was compi2ted, and but eight 
days after the completion of the arch rings, the centres were struck. 


The centres were thus removed before the completion of super-structure. 
This step not only constitutes a desirable feature in the construction of any arch, 
but was quite indispensable in this structure. Thus, had the concrete market 
house been completed before striking centres, it would undoubtedly have been 
seriously cracked and strained bv the settlement of the arches, even though that 
was but .2, in. at crown. 

The expansion joints consist simply of a vertical plane c; separation in the 
spandril wall at each end of the span. To prevent seepage írom the earth-fill 
discolouring the face of the spandrils a vertical groove is formed with an outlet 
below to serve as a drain. The expansion joints opened about ,4 in. when centres 
were struck. 

The general construction of the market building is shown in the accompany- 
ing photograph. This building is 200 ft. long by 52 ft. wide. The height of the out- 
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Pacific PACKING COMPANY'S OFFICES, GUADALAJARA, МЕХІСО, 


ONCRETE, 


side walls is 10 ft. 
6 in., and the high- 
est point of the 
monitor is 25 ft. 
6 in. above the floor. 
A clear roadway of 
19 ft. 6 in. is left 
through the centre 
of the bridge. The 
floor space on each 
side of this roadway 
is divided into 20 
market stalls, each 
10 ft. wide by 16 ft. 
3 in. long. The 
building is entirely 
of reinforced con- 
crete, with the ex- 
ception of the 
wooden counters, 
the Expanded Metal 
screens in the front 
of the stalls and the 
windows. The walls 
are 3 in. thick, re- 
inforced both hori- 
zontally and vertic- 
ally with qin. 
plain round rods, 
I2 in. centre to 
centre. Theoutside 
walls have no stud- 
ding or transverse 
supports other than 
the partition walls 
between the rooms. 
The roof slab is 
reinforced with No. 
24 gauge Expanded 
Metal, and is sup- 
ported on 3 in. by 
8 in. concrete pur- 
lins placed 5 ft. 
Іі! in. centre to 
centre, and rein- 
forced with  j5-in. 
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SOME EXAMPLES OF CONCRETE IN MEXICO. (CONCRETE) 


rods. These purlins were made in wooden forms on the ground and hoisted 
to position. The window frames are made of 3-in. channels and are bent over the 
roadway to give form to the intrados of the concrete arches supporting the monitor 

Work was commenced April rst, 1908, and the bridge proper was completed 
June 20th, 1908. The building was commenced ten days later, and completed 
October Ist. The contractors of the bridge were Topeka Bridge and Iron Co., 
of Kansas. 

Alfred Giles, of Monterrey, Mexico, and San Antonio, Texas, from whom 
these particulars were obtained, was the architect. 

PACIFIC PACKING CO.'S OFFICES, GUADALAJARA, MEXICO. 

ANOTHER example of the different uses to which reinforced concrete has been 
put in Mexico will be seen from the accompanying illustrations of the new plant 
for the “ Pacific Packing Co.," of Guadala:ara. Mexico. 


View of Interior Construction. 
PACIFIC PACKING COMPANY'S OFFICES, GUADALAJARA, MEXICO. 


The foundations were of stone laid in mortar or cement where necessary. 
Exterior walls are of brick laid in mortar, plastered outside with lime and inside 
with cement. 

The columns, girders, floors, and roofs are constructed of reinforced concrete. 
The columns are from 12 in. by 12 in. to 20 in. by 20 in., and from то ft. to 21 ft. 
high in each storey. The girders are from ro in. by 20 in. by 16 ft. to 20 in. by 
24 in. by 18 ft., the largest girders being 14 in. by 36 in., with 26-ft. span. Floor 
slabs are 5 in. to 8 in. thick. 
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The total area in floors and roofs is 59,720 sq. ft. 

The mixture used was I cement, 2 sand, and 4 crushed stone. The cement 
used in the construction of all reinforcement was the ''Gibbs " brand of the 
Associated Portland Cement Manufacturers. The steel reinforcement was 
Johnson corrugated bar type from the Monterrey Steel Works. We are indebted 


to Mr. H. H. Hinkle, vice-president and manager of the Pacific Packing Co., 
for our particulars and photographs. 


HY DRO-ELECTRIC POWER PLANT, NECAXA, MEXICO. 


ONE of the most important projects recently carried out in the development of 
Mexico is the construction of the enormous hydro-electric power works at 


Finished Portion of Dam No. 2. 


Hvpbngo-ErLrcrRIC POWER PLANT, МЕСАХА, MExico. 


Necaxa, which have changed the state of affairs in that country, and have 
done wonders in improving industrial conditions. Millions of money have been 
spent on this project to provide a steady flow of water. 

The original plan was to provide a hydro-electric plant to utilise the natural 
flow of the Necaxa River at a point where two falls gave a combined drop of 
I,400 ft., but it has now grown to include the diversion of a dozen other rivers 
which have been brought into the Necaxa basin by a series of tunnels. An 


immense dam at Necaxa stores 44,000,000 cubic metres of water during the rainy 
season. 
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SOMB EXAMPLES OF CONCRETE IN MEXICO. CONCRETE 


The Necaxa plant furnishes 50,000,000 horsepower to Mexico and El Oro. 
The dam, when completed, will have a height of 194 ft. 

The main power house is a steel framed and concrete structure with concrete 
foundation. It is 65 ft. high above the floor line, 214 ft. wide, and 265 ft. long, 
and six large generators are now working on its broad floor. 

The power is generated in six vertical units, operated in individual 
rooms made of cement. 

The whole of this enormous undertaking was carried out by the Mexican 
Light and Power Co., of Necaxa, and we are indebted to their chief engineer, 
Mr. H. Kearney, for our photographs. The cement used in the construction of 
the dam and power house was “Gibbs” brand, supplied by the Associated 
Portland Cement Manufacturers (1900), Ltd. | 


MEXICO CITY'S NEW WATERWORKS. 


Another large waterworks svstem in Mexico, in the construction of which 
concrete played an important part, is the new waterworks for Mexico Citv. This 
work has been in progress since 1903, and is a triumph of engineering skill. The 
sources from which the water to supply the demands of Mexico City, with its 
population of over 400,000, was obtained previously were found to be unsuitable 
and inadequate, and the system of distribution was also deficient in many respects. 
It was therefore determined to sink huge wells at four of the most copious springs, 
construct a main conduit connected with the wells, pump the water into the 
conduit which leads to the hill Molino del Rey, about four miles west of the city, 
and then pump it into four large reservoirs on the top of the hill, at such an 
elevation that by the simple force of gravity the water will flow through the 
distribution pipes from the reservoirs to the city. The wells were lined with 
concrete. 

The main conduit to Molino del Rey will be about 16} miles in length. It 
is about 10 ft. in diameter, and is constructed of concrete reinforced by a mesh of 
steel bars and rods. This conduit will have a capacity to carry 40,100,000 gals. 
of water every 24 hours. One of the most important features of the work was 
the construction of the great subway for the reception of the large water mains. 
This tunnel is about ro ft. in width. The side walls of reinforced concrete are 
about 4 in. thick, and the roof 6 in. But the finest portion of the work consists 
of the four great reservoirs on the hill of Molino del Rey. Each is 162 ft. in 
diameter, and about 23 ft. in depth. They will be covered by a cement roof 
supported by massive pillars over 16 ft. apart. 


REINFORCED CONCRETE WATER STANDPIPE IN EMPALME, MEXICO. 


А further application of reinforced concrete in Mexico is shown in our illustra- 
tion of the standpipe erected by the Southern Pacific Railroad Co., of Mexico, at 
Empalme, Sonora, Mexico. The capacity of this is 480,000 gals. 

Sixteen-inch concrete piles were driven for the foundations, and corrugated 
bars were used for the reinforcement. The base of the water tower is octagonal 
shaped, and is 38 ft. across. The water tower itself is round, and is 30 ft. inside 
diameter, and 3o ft. 10 in. in diameter to the outside face. The height of the 
tower is 9o ft. 
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All reinforcing rods were securely fastened to vertical rods by soft iron wire 
at points of contact to prevent displacement. The shell and floor were made of 
concrete in the proportions of : 2 : 3}. 


CONCRETE MIXERS. 
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MIXERS. 


In some of our former issues 
we have been publishing articles 
on different appliances for con- 
crete mixing, and the present 
pages are a continuation of the 
particulars presented, and are 
based on data kindly put at our 
disposal by the makers of the re- 
s»ectíoe appliances, and indicate 
their views as to their efficiency. 

The whole question of using 
mixers requires far greater atten- 
tion than at present is accorded 
to this important subject. The 
economy of concrete and reinforced 
concrete work largely depends on 
the suitability of the machinery 
employed. Thus these contrita- 
tions merit careful considera- 
tion. —ED. 


Fic. 6. RANSOME MIXER MOUNTED ON A TRAVELLING GANTRY 
FOR ADMIRALTY Works, Dover. 


RANSOME MIXERS% 


THE Ransome mixer is one of the best known and most up-to-date of the many 
machines for mixing concrete which are"at present on the market. Th» drum is 
designed to be easily erected on the frame, which is made of English steel through- 
out, and can readily be lifted off for transit. Very rapid and thorough mixing 
is ensured by the special design of the mixing blades. The mixing is both longi- 
tudinal and lateral, so that every portion‘of the batch is intermingled, which is а 
most important point, as the strength 
of the concrete depends on the thorough- 
ness with which the materials are mixed. 
The machines are fitted with a hopper 
which measures the exact amount of 
aggregate for each batch. Ап automatic 
water-tank for gauging the exact amount 
of water for each batch is also attached. 
The process of discharging the mixer is 
also a very simple operation, which is 
carried out by means of a chute worked 
instantaneously by hand. 

Tests made on Admiralty work have 
proved that the Ransome is,capable of 
mixing a batch of 20 cu. ft. perfectly in 
30 seconds, 

An illustration of a new Ransome 
hand mixer, which is of the paddle type 
and has a batch of 2 cu. ft., 15 shown 
in Fig. I. The paddles are easily turned 


Fic. 1. Raxsome HAND MISER. 


CONCRETE MIXERS. 


by one man when the full batch is in the drum, and an arrang ment of flat steel 
springs is provided to prevent any possibility of the jamming of stone between 
the blades and the drum plates. The blades keep the mixer absolutely clean, 
and the drum is of such dimensions as to allow discharge into a standard navvy 
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Fic. 2. METHOD or MIXING WITH Ravsome HAND MIXER. 


J-4 


тете en in нер ae аре cm 


E 


/ 


N? 591. 


barrow without spilling. For discharging purposes the drum is tilted by the 
man who is wheeling the mixed concrete, 

A very clear idea of the method of mixing with the Ransome hand mixer will 
be seen in Fig. 2. The capacity of this machine is I5 cu. yd. to 20 cu. yd. per 
day of то hours. 

In Fig. 3 we show a No. 5 mixer actually in operation at Rosyth in the 
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blockyard. Altogether six of these mixers have been supplied for this one 
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Fic. 3. No. 5 MIXER IN OPERATION АТ Ro. vTi:. 
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Fic. 4. No.1 Mixer For STREET Work. 


contract, and one No. 4 machine. They are guaranteed to give an output of 
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CONCRETE MIXERS. 


660 cu. yd. per day, but this quantity can quite easily be doubled wher: 
efficient methods of feeding and removing the mixed concrete are employed. 


A type which is particularly suitable for street work, or for any contract 
where the concrete is spread over a large area, thus necessitating the constant 
moving of the mixer, is coupled direct to a totally enclosed paraffine 
engine, and mounted on road wheels so that it can easily be moved 
about from one side of the street to the other. The total weight is as low as 
possible, the overall dimensions of the machine are extremely limited, and the 


oil engine, which works on either petrolorordinary paraffine, is simple to work, 
and can be started up at any moment. The actual mixer illustrated in Fig. 4 
was supplied to the order of the India Office. 

Fig. 5 shows a combined plant supplied to the order of Messrs. Harold 
Arnold & Son, of Doncaster, for usein the construction of the Leighton reservoir. 
This was a No. т mixer, with Ransomes, Sims & Jefferies’ steam engine and 
boiler, elevating hopper, and mounted complete on 3-ft. gauge rail wheels. 

A special plant made for the British Admiralty for use at Dover for blockyard 
purposes will be seen іп Fig. 6. This consisted of a travelling gantry, on which 
was mounted a No. т mixer, driven by a totally enclosed electric motor, and 
fitted with elevating hopper. The gantry was arranged to travel along the block- 
yard by means of hand gear, and the mixed concrete was discharged into tip 
wagons running across the gantry, and delivering the concrete into the various 
block moulds. 

At the present moment the Company are completing a mixer for concrete 
street work that embodies some novel features, the plant being fitted with an 
elevating hopper, a specially small type of engine and boiler, mounted on 3 ft. 6 in. 
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diameter combined road and rail wheels, so that the mixed concrete can be 
delivered into tip wagons, and the total overall width of the plant is only 6 ft. 4 in. 
This feature is, of course, of considerable value for street work, owing to the 
saving effected in space occupied. 

Fig. 7 shows the " R-v.M" mixer, a machine recently built for 
contracts of short duration. It is of similar design to the Ransome, but is of a 
lighter construction throughout, and is a serviceable and sound machine for 
contractors or others who are anxious to keep their initial outlay as low as 
possible. 

Among other specialities which are supplied in connection with the concrete 
mixers is the Ransome hoist, which is used for hoisting mixed concrete to the 
various floors of a building in course of construction, and the Gibb & Menzies' 
aggregate conveyors for proportioning and delivering aggregate to the mixers. 
This latter invention enables a larger output to be obtained from a concrete 
mixer than by any other known method of feeding. 

The whole of the machines are manufactured by Messrs. Ransome & Rapier, 
Ltd., Waterside Ironworks, Ipswich, and are placed on the market by the 
Ransome-verMehr Machinery Co., of Caxton Hous2, Westminster. Mixers are 
supplied for every class of concrete work, and the present range extends from a 
hand mixer with a batch of 2 cu. ft. to a power mixer with a batch of 86 cu. ft. 
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CESA CONCRETE FOR FORTIFICATION WORK. 


CONCRETE FOR FORTIFL 


CATION WORK IN 
AMERICA. 


The use of concrete and reinforced concrete in military work is rapidly increasing. We 
would thus call attention to the multifarious uses to which concrete and reinforced concrete 
has been put ín military works at home. —ED. 


CEMENT was early adopted in fortification work. Now it is universally used, with 
steel and iron, in all such work. The parapets surrounding disappearing guns and 
breech-loading mortars are in every instance thickly faced with concrete, if they are 
not wholly constructed of the new material. The floors, ammunition rooms, runways, 
ramparts—everything is of cement and steel, mostly the former. 


CONCRETE CONSTRUCTION USED IN THE MOUNTING OF AN 8-IN, 60-1х. SEARCHLIGHT SUNK IN 
DISAPPEARING RIFLE. A CONCRETE-LINED PIT. 
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When the new American fortifications were built, and in remodelling all of the 
older ones, much of the work was awarded to contractors. But now the engineer 
corps of the U.S.A. Army, which has all construction matters pertaining to defence 
under its control, does most, if not all, of its own work. The execution is in the hands 
of commissioned officers, enlisted men and civilians. The engineers have turned out 
some fine, durable, and clever work in concrete construction in late years. What 
they cannot do with cement, sand and water is not worth recording. 

All modern batteries of the coast defence are operated electrically. It is, there- 
fore, necessary for each military post to have its own power plant. The power plant 
buildings, housing costly modern electrical apparatus, are invariably built of sub- 
stantial concrete. To protect them from shell fire from an enemy they are located 


A REINFORCED CONCRETE Coast ARTILLERY POWER PLANT IN U.S.A. 


in isolated places, and are surrounded by earthworks thrown up about them to the 
height of the roof. Опе such plant-building, constructed last year, and shown 
herewith, is typical of this class of construction. The dynamo room rests in the side 
of a hill, so that the floor upon which the big dynamos stand is many feet above the 
boiler-room floor. The manner in which the solid concrete stairs, winding about 
the boiler saddles and leading on up into the dynamo room, are constructed is unique 
and graceful. On the outside, concrete staircases lead down the earthworks into the 
pit where the plant is located. 

All American coast defence posts are now equipped with batteries of ponderous 
6o-in. searchlights. With them concrete plays a conspicuous part. The lights are 
installed in niches, concrete lined, cut high up in the perpendicular surfaces of high 
cliffs. At the inland end of these is a rectangular excavation in which a concrete 
engine house, a miniature of the large power plant, and designed to shelter the 


538 


CESS CONCRETE FOR FORTIFICATION WORK. 


powerful gasoline motors, is built. At the bottom of the ditches tracks are laid 
so that the big '' lanterns " may be moved back and forward on their wheeled trucks. 
Heavy cables connect the lamp with the motors in the engine house. 

In the ammunition rooms, runways, and battery commander’s stations the 
interior finish is elaborate. All modern batteries, as is this one, are equipped with 
electric lights, running water, laboratories, and toilets. Extensive sewer systems 
run beneath the batteries. While all guns are painted olive-green, the new war 
colour, the concrete work is all painted black, thus resembling, from outward 
appearance, painted iron. 

As many, if not nearly all, of the United States coast defence garrisons are 
located on rocky points and promontories extending into the sea, lighthouses in the 
vicinity arecommon. These buildings, including the light towers, are also of concrete 
construction throughout, as shown in our illustrations. 

We are indebted to the Cement Age for our illustrations and particulars. 


CONCRETE LIGHT-HOUSE TOWER AND KEFPER'S QUARTERS. 
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FORCED CONCRETE. 


It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. —ED. 


THE ASSOCIATION OF SOMERSET SURVEYORS. 
REINFORCED CONCRETE LINING TO BRIDGES. 


Paper by Mr. EDWARD JOHN STEAD, A.M.Inst.C.E., Assistant County Surveyor. 


The following is a summary of a Paper read by Mr. E. J. Stead before the Association 
of Somerset Surveyors at their meeting at Wells on May 27th : 


AMONGST the duties which fall to the lot of the County Survevor's Department is 
that of repairing, strengthening, and rebuilding bridges, and it occurred to the author 
that a description of a particular use of reinforced concrete for strengthening weak 
and defective structures might be of interest to the members of the Association. 

Perry Bridge, Axbridge.—\ast vear it became necessary to deal with Perry 
Bridge, carrving the Bristol and Bridgwater main road over the River Yeo in the 
rural district of Axbridge. The structure was very defective, the stone arch being 
cracked and some of the masonry had fallen out. The waterway was greater than 
could at any time be actually required, and after some careful consideration it was 
decided to construct a reinforced concrete lining under the existing semi-circular arch, 
the span of which was 18 ft. 

The thickness of the lining at the crown is 9 in., increasing to 12 in. thick at the 
springing level. The reinforcement consists of l-in. diameter bars placed rj in. in 
from both extrados and intrados, these bars being transversely connected by }-in. 
square bars. An invert of beams and slab is laid between the abutments, and concrete 
sills are constructed at each end of the arch to prevent undermining by the river. 
The beams and slab forming invert are reinforced to act as tie beams, and so take up 
the horizontal thrust at the springing of the arch. The steel bars are so arranged as to 
provide continuous reinforcement all round the structure. ТЕ at any time the old 
masonry bridge should become so dilapidated as to require entire removal, the rein- 
forced concrete structure has been designed of sufficient strength to entirely carry the 
traffic itself. 

The work was carried out in the following manner. The water was arranged to 
flow in a chute, raised up clear of the invert work, through the centre of the arch- 
way , then excavations were taken ont for sills and invert and the former were concreted 
in. After placing all the invert bars and connecting bars between the invert and the 
arch lining, the whole of the bottom was concreted up to springing level, leaving a 
certain length ot the bars projecting upwards for connection with the arch lining bars. 

The next proceeding was to fix the whole of the bars for the concrete lining, each 
intersection of the J-in. bars round the arch being wired to the l-in. transverse bars, 
and the 1-in. bars were overlapped and wired on to the projecting lengths of the 
connection bars previously sct. 

The drawings showed that there must be tJ in of concrete between the soffit of 
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the cld arch and the nearest bar, and the soffit line of the arch being very uneven and 
rough, it was a matter of some difficulty to ensure this. The soffit was carefully tried 
all over, and the points found where the stones sagged down lowest out of true curve 
line. then the bars were set т} in. below each point. Thus in places there 15 more than 
I} in. of concrete over the upper bars. 


After all the reinforcement for the lining was securely fixed in position the 
centering ribs were set at their proper level—7z.e., 31 in. below the lower bars, allowing 
2 in. for laggings, so that the concrete would cover the bars by r} in. All the ribs 
having been braced together; the concreting of the arch was commenced. Lagging 
two boards wide was placed right through the bridge just above springing level and 
that strip of arch concreted; next a similar strip at the opposite springing. then 
again another strip along the first side, and so on alternately up each side of the arch 
until the concrete reac hed a height at which it was not possible to place any more in 
from the sides. The face boarding on the upstream side was then rigidlv strutted so 
as to allow of concrete being rammed against it, and the lagging, section by section, 
in 4 ft. lengths, was laid and the arch ring completely closed. This stage of the work 
was very difficult, as only very small quantities of concrete could be placed and rammed 
at one time. and the men were working in very cramped positions. Another point 
noted was the trouble experienced in arranging for thorough ramming of the concrete 
during the closing in part of the work. The “net distance between upper and lower 
bars was 41 in.—too shallow to allow a satisfactory ramming tool to be worked in 
such a cramped situation. 


At the two faces of the bridge the lining projects 6 in., and is made 15 in. thick, 
covering 6 in. of the old arch face. 


The concrete was composed of з parts of Teign Valley granite chippings 3-in. to 
]-in. gauge, 2 parts of sand, and 1 part of Portland cement. The reinforcement was 
indented steel bars. 


The total quantity of concrete in the work was 39 cu. vd., and the weight of steel 
bars 1] tons. 

The sand, obtained from the river bed at the bridge, required screening and 
washing before use, and a very simple and cheap manner of doing this was adopted. 
Beneath the outfall end of the chute carrving the water through the archway a 
timber platform was laid on the river bed. Over this platform a ]-in. mesh screen 
was set with its outer end resting on the platform and the inner end fixed immediatelv 
under the end of the chute, from which, of course, a constant stream of clean water 
issued. The sand and gravel as taken from river bed was thrown into the screen and 
there stirred and raked until all the sand was washed through on to the platform 
beneath. The accumulation of gravel and debris was, as necessitv demanded, shovelled 
awav from the foot of the screen, and the sand was taken from the platform, washed 
and cleaned, and heaped up ready for use. 

The cost of the whole of the work described was £88, and it occupied five wecks 
in construction, the contractors being Messrs. George Pollard & Co., Ltd., of Taunton. 

The strengthening answers the purpose of a new bridge. which would probably 
have cost £500. 

Newhavea Bridge.—The second work of this nature was the strengthening of 
Newhaven Bridge, which carries the Ilminster and Honiton main road over the River 
Yarty in the Chard Rural District at the county boundary with Devon. The rough 
stone arch was ina very bad condition indeed, so much so that the men engaged on the 
strengthening had on several occasions narrow escapes from injury by pieces of the 
arch stones falling down. The masonry abutments were good and sound. The 
arch had a span of 20 ft. 6 in., with a rise of 5 ft. 6 in., the springing level being 7 ft. 
3 in. above the bed of thc river. This waterway was greater than needed. 

The strengthening, as designed, showed reinforced concrete foundations 2 ft. 3 in. 
wide and 1 ft. 3 in. thick, carrying abutment walls 1 ft. 3 in. thick, at the bottom 
battening to 1 ft. thick at the springing level, these walls being immediately їп front 
of the casting abutments and reinforced with bars 11 in. from the face thereof, with 
a second set 1} in. from front face of the new walls. The arch lining was practicallv 
similar to that described previously for Perry Bridge. 
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In carrying out the work it was decided to profit by the experience gained at 
Perry Bridge, and the lining was constructed 12 in. thick all round, the extra depth 
being amply justified by the greater case and better work possible in the concrete 
ramming. Modifications in the design were made in constructing the foundations. 
It was found unnecessary to go down to the depth anticipated, an excellent compact 
gravel bottom being found at the level of the foundations of the existing abutments. 
The bottom of the excavation was scaled with a slab of plain concrete, 3 ft. 6 in. 
wide and 9 in. thick, which enabled the water to be pumped out, and the reinforced 
concrete footing to be put in quite dry. Upon this the walls were put in up to the 
level of 2 ft. below springing to allow of overlapping and connecting arch bars, in 
order that the reinforcement might be continuous throughout and all round the lining 
from foundation to foundation. The arch was concreted in the same way, and the 
materials were similar to those already described. 

The total quantity of concrete used in the work was 65 cu. vd., and the weight 
of the steel bars 2? tons. 

The work mentioned above cost £230 and occupied six weeks in construction, 
the contractors again being Messrs. Pollard & Co., Ltd. 

In this instance a new bridge would probably have cost £800. 

In the two cases described above the necessity for the works arose not so much 
from the results of heavy traffic as from decay and perishing of the arches by per- 
colating water from the roadway. and this emphasises the advisability of protecting 
all new bridge work—whatever materials are used—by an impervious coating laid over 
the top. 

It is not practicable to waterproof in that way the tops of these linings, as. of 
course, the concrete must be tight up to the existing arches ; but every effort should 
he made to ensure the exclusion of moisture from the reinforcement. ^ To effect this 
an ample covering of concrete should be allowed for—not less than 1} in.; the concrete 
materials should be proportioned to secure the maximum density. no stone larger than 
3-in. gauge being allowed ; construction, as far às possible, should take place in dry 
weather ; and last, but not least, proper ramming must be donc. 

The Design of Small Bridges and Culverts.-—While writing the foregoing, it has 
occurred to the author that a few remarks on points in connection with the design of 
small bridges and culverts тау prove interesting. One of the first matters to be 
settled when designing is the distribution of thc loading, and it is important to consider 
at this stage the method proposed to be adopted in carrving out the work. Consider, 
for instance, a slab top culvert. If the span and width are so small that the whole slab 
can be put in one operation without a joint and the reinforcing bars are connected 
transversely, the load may safely be considered as distributed over a much greater 
width of the culvert than 15 the case if the concreting is done in short sections involving 
several joints. 

In the case of separate slabs manufactured before required and simply laid side 
by side on the abutments, the distribution of the load must be confined to that width 
immediately beneath the wheels. Such slabs, therefore, need to be of much heavier 
construction than reinforced concrete formed in situ. 

It is not intended in this paper to deal with the design of arches or beams and slabs, 
but the author cannot refrain from pointing out that such work needs special studv 
and experience. He has heard of culvert slabs being constructed with steel reinforce- 
ment placed at the half-depth. In that position it is useless, being practically at the 
neutral axis, where there is neither tensile nor compressive stress. The function of 
reinforcement 15 to take up the tensile stresses which, in a simple beam or slab, occur 
in the lower part. Such reinforcement, therefore, should be placed near the bottom 
of the slab, and at least 1 in. of concrete cover allowed below it. Shearing stresses in 
excess of the safe shearing stress on concrete (60 Ib. per sq. in.) must also be provided 
for by shear reinforcement, and this can generally be economically and conveniently 
done by bending up bars near the abutments. 

The most satisfactory manner of designing arches is by the graphic method. 
On consideration of span, rise, appearance and loading a section can generally be 
assumed, and the pressure curve drawn theretor, from the position of which the 
requisite amount of tensile reinforcement тау be calculated. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


BRITISH FINE ART PALACE AT THE ROM® EXHIBITION. 


THE disadvantages of flimsy building construction at exhibitions were all too well 
demonstrated at the Brussels fire, and it is therefore very gratifving to note the plans 
that have been made in connection with the International Fine Arts Exhibition in 
Rome, and particularly at the British section, to ensure fire resistance in the exhibition 
buildings. It is regrettable that so little care is usually taken with such buildings, 
and more especially in those instances where important art treasures which are prac- 
tically irreplacable form part of the exhibits. 

The Rome Art Exhibition must certainly rank among the latter, and those who 
had the design and construction of the British section in charge certainlv deserve 


BRITISH FiNE Arr PALACE, RoMe EXHIBITION, 


great credit for the structure which houses the representations of our art in Rome— 
not only from an artistic point of view, but also for the precautions taken to censure 
fire-resistance. The site occupied bv the British Fine Art Palace is one of the finest 
in the whole enclosure, and the architect, Mr. E. L. Lutyens, F.R L.B.A,, is to be 
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BRITISH FINE 


congratulated on the 
imposing and statelv 
structure, which was 
designed by him on 
the model of the 
Upper Order in the 
facade of St. Paul's 
Cathedral. 

lhe building is 
practically 180 ft. by 
150 ft. The total 
frontage, including 
dwarf walls апа 
bases, is 260 ft. 

The skeleton of 
the building consists 
entirely of steel 
framing throughout. 
The main and divi- 
sional walls are all 
concrete о in. in 
thickness. The roof 
is covered with as- 
bestos cement slates 
on the outside and 
lined on the under- 
side with asbestos 
cement sheeting. The 
glazing throughout is 
of steel and lead bars. 
The floors are of 
concrete finished 
with floated face, and 
slips are bedded in 
this for the purpose 
of taking linoleum. 

The main en- 
trance steps consist 
of foundation walls 
of local rubble upon 
which are placed 
steel girders, and the 
steps themselves are 
of concrete rein- 
forced with steel 
bars. 

It will therefore 
be seen that the 
building is as fire- 
proof and substan- 
tial as is possible for 
a structure of a tem- 
porary character. 
Although the British 
section was intended 
to be a temporary 
building, we have 
been informed by 
our correspondent in 
Rome that, owing to 
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ERING 2-4 NEW DEEP WATER DOCK. 
its architectural beauty, and as the construction is of so sound and lasting а character, 
it is the intention of the authorities to arrange that it shall be left standing perma- 
nently and be utilised for exhibition and show purposes. 

A complete system of fire-extinguishing appliances has been provided. 

The whole of the work in connection with this contract was carried out by!Messrs. 
Humphreys, Ltd., of Knightsbridge. 


NEW DEEP WATER DOCK AT SOUTHAMPTON. 

THF new deep water dock which is being constructed at Southampton by the London & 
South Western Railway is now nearing completion, and is so farfadvanced that it 
was possible to berth the White Star monster vessel " Olympic 


' inside the dock. 
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Outside Quay in course of construction with 8-ton Concrete Blocks. 
New ОЕЕР Water Dock, SOUTHAMPTON, 


The dock itself is a parallelogram in shape, with a length of 1,700 ft. and a width 
of yoo ft. It will have a depth at low water ordinary spring tides of 40 ft., and at 
high water the depth will be 13 ft. more than this. 


There is no entrance lock, but it 
will be seen from the figures given that the largest vessel will be able to lie afloat here 
at any state of tide without risk of touching bottom. The dock is large enough to 


$45 


NEW WORKS IN CONCRETE. CONCRETE! 


hold five vessels— two vessels of the largest type can berth on each side of the dock, 
and a short vessel against the small end berth. 


The dock is surrounded with quav walls constructed entirely of Portland cement 
concrete. The quays are being equipped with four large stecl cargo sheds. The shed 
which is completed has a length of 640 ft. and a width of 120 ft., with an annexe 60 ft. 
by 60 ft. containing stores for baggage and dock gear. The framework of the shed is 
of steel, the sides being covered with corrugated sheeting, and the roof with planking 
protected by Graves’s felt. The steelwork has been erected by Messrs. Heenan & 
Froude, Ltd., of Manchester. The foundation consists of concrete piles driven on the 
“ Simplex ’’ system, and the flooring is of timber. Besides the stores in the annexe, 
a set of waiting rooms and lavatories is provided at the southern end, with cages for 
bonded cargo, and offices for the medical officer, foremen, and clerks. Along the 
front of the shed is a high leve! balcony on to which the passengers will pass direct 
from the vessel, and which communicates with the floor of the shed by means of two 
wide staircases. The shed itself is built in two spans of 60 ft., the central columns 
being spaced 20 ft. apart. The quay space between the ship and the shed has a width 
of 35 ft. This is covered with timber decking, and has two lines of rails for trucks as 
well as a line of rails for the large electric cranes which will deal with the cargo. Four 
of these cranes are being provided for the berth, two of which are capable. of lifting 
35 cwt., and the other two of lifting 5 tons. There will also be provided two moving 
bridges or stages across which the passengers will walk from the ship's side to the 
balcony on the shed. АП the rails are connected up to the elaborate system of sidings 
which now exist on the docks. 

Besides the dock itself, four outside quavs are being constructed of lengths varving 
from 330 ft. to Olo ft., and with depths at low water of 25 to 32 ft. 


The contract for the construction of the dock was let to Messrs. Topham, Jones & 
Railton, Ltd., in October, 1907. Before the works were commenced the site of the 
dock consisted for the most part of a bare mudland facing on the River Test. The 
river was shut out by means of a chalk bank, but as this was not absolutely water- 
tight the high tide found its wav through it daily and flooded the whole dock side. 
The first operation was to make the bank tight and strong by driving a sheeting of 
timber piles along its toe and covering its slope with stone pitching grouted with 
cement. When this was done excavation down to a depth of 30 ft. below quay level was 
carried out bv means of steam navvies, which removed about 5,000 cu. vds. per day. 
To facilitate sending the material to sca, an enormous stage, 375 ft. long and 40 ft. high, 
was built out over the River Test. This stage formed the summit of a long Incline 
which led right up from the heart of the dock where the steam navvies were at work 
filling wagons. As soon as the steam navvies had dug away the earth to the 30 ft. 
depth, timbered trenches were sunk down in which the foundations of the quay walls 
were laid. These trenches were about 43 ft. wide and 45 ft. deep. The depth to the 
bottom of the trench from quay level was about 75 ft. Inside these trenches the 
massive concrete walls were built of Portland cement concrete mixed by special 
machinery. The concrete was made with gravel obtaine from Langston Harbour, 
the Portland cement from the Thames district. The large mixing machines which 
served this portion of the work were capable of turning out about 1,000 cu. vds. per 
day. Considerable difficulties were encountered in sinking these trenches, owing to 
underground water finding its way inte the excavations, and various devices had to 
be resorted to in order to overcome these difficulties. Piece bv piece, however, the 
foundation level was successfully reached and the concrete wall built up inside the 
trenches, and then upwards until quay level was reached. Dry material from the 
excavation was then placed behind the wall, and on the quay space thus formed the 
sheds were built and the roads were laid. Some portion of the wall at the outer end 
of the dock, and one of the outside quavs were built in the same wav as here described, 
except that the timbered trenches were sunk from the quay level, the open excavation 
being omitted. The trenches in this case were in some places 45 ft. wide and 75 ft. 
deep, and were remarkably fine examples of heavy timbering. As soon as the walls 
had been built up in this fashion the enclosing bank at the entrance to the dock was 
cut through, and water was allowed to enter. 
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built in quite a different fashion. 


Here no attempt was made to dry the site, 


547 


NEW WORKS IN CONCRETE. . (CONCRETE) 


the whole wall was built in water. To accomplish this the earth was first removed 
down to dredging level throughout the whole length of the wall, by means of a bucket 
ladder dredger. Below this level the foundations were built in a trench between two 
rows oi sheet piling driven along the front and back of the wall. The clay between 
the two rows of sheeting was excavated by means of steam grabs, and cleaned up by 
helmet divers. On the foundation thus formed was laid mass concrete, which was 
lowered through the water in special tipping boxes. Above dredging level the wall 
consists of large 8-ton concrete blocks at face and back, with a hearting of mass con- 
crete. This stvie of work is continued up to above low water level, after which the 
wall is constructed wholly of mass concrete laid between shutters in the usual way. 
When the wall has reached quay level it is backed up with ashes or special selected 
material. Although the works are still incomplete, the following quantities have been 
dealt with : 

873,000 cu. vds. of open excavation. 

318,000 cu. vds. of tench excavation. 

807,000 cu. vds. of dredging. 

272,000 cu. yds. of concrete laid. 

42,000 tons of Portland cement used. 


The designs for and the supervision of these works have all been in the hands 
of the London & South Western Railway Companv's Docks Department, of which 
Mr. T. M. Williams is the manager. Mr. W. R. Galbraith, a former vice-president of 
the Institution of Civil Engineers, who has been associated with all the large extensions 
at Southampton since 1892, has acted as consulting engineer, and Mr. F. E. Wentworth- 
shields, M.Inst.C.E., has been the resident engineer. 


REINFORCED CONCRETE BRIDGE, WHISTON STREET, SHOREDITCH. 


REINFORCED CONCRETE BRIDGE, WHISTON STREET, SHOREDITCH. 


Tunis reinforced concrete bridge replaces an old cast-iron structure which had been 
condemned as unsafe. It spans a branch of the Regent’s Canal, about 24 ft. 6 in. wide 
between the existing brick abutments. The bridge has a total width of 32 ft. between 
parapets, which are also entirelv in reinforced concrete. Constructionally it consists 
of six main straight girders and two parapet girders, carrying a 5} in. decking with 
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ISLAND BARN RESERVOIR. 


special provision for pipes, etc., under the footpaths. There are in fact under one 
footpath thrce 24-in. gas mains, and under the other twenty main electricitv feeder 
cables and thirty-two troughs for future use. 

The roadway is formed of wood blocks, giving a covering over the reinforced 
concrete of merely 6 in. 

The bridge was tested on April 13th, 1911, in the presence of a large number of 
the councillors of the borough of Shoreditch. A steam-roller loaded with pig-lead 
was run on to the centre of the bridge, when the maximum deflection recorded (several 
instruments were used) was one-sixtieth of an inch. The allowable deflection was 
one-six-hundredth of the span. Afterwards the roller was run backwards and forwards 
over the bridge when a remarkable absence of vibration was noticed. 

It is interesting to note that this bridge is the first reinforced concrete highway 
bridge to be erected in the London area. It was designed by Mr. T. L. Hustler, 


borough engineer of Shoreditch, with the collaboration of Messrs. Mouchel & Partners, 
of Westminster. 


Showing Method of Keying in Blocks to Concrete Backing to Vertical Wall. 
ISLAND BARN RESERVOIR. 


CONSTRUCTION OF THE ISLAND BARN RESERVOIR. 
THE reservoir now approaching completion at Island Barn, for the Metropolitan Water 
Board, has an area of 120 acres and will contain about a thousand million gallons of 
water. The periphery measured on the top of the embankment is 7; miles. lt is 
situated at East Molesey, in Surrey, and will be used for the Southern district and the 
Chelsea division of the Western district. 

The intake conduit from the Thames is an open channel, 480 vds long by 22 ft. 
wide, with a normal depth of 8 ft. The engine and pump-house is built over the 
conduit, from which the water is lifted by four double stage centrifugal pumps, each of 
which is driven direct by a 500 h.p. vertical triple-expansion engine. 

The new delivery pipe is 2,900 vds. long and was laid in a trench which varies in 
depth from o ft. to 16 ft., the whole work of digging the trench and laving the pipe 
occupying six months. Before the work was put in hand a large number of 
trial borings were made. It was found that there was London clay throughout at a 
depth of from 16 ft. to 32 ft., above this being sand and ballast, with ove rlving clav 
in some places. The latter provided all the aggregate required for concrete. 
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The earthwork at the outer side of the embankment is at a slope of 21 to 1. On 
the inner side the lower part has a batten of 4 to r and the upper 3 to 1, the latter, to 
prevent damage from wash by the water, being paved with concrete slabs, and near 
the surface of the water with rock-faced concrete blocks, set in ballast, with a wall 
faced with similar blocks at the top, completed with a concrete coping. These were 
made in iron moulds supplied by the Winget Concrete Machine Co., Ltd. 

At the inlet the whole of the embankment on both sides of the puddle wall is of 
concrete. The pipes run up the outer side at an inclination of 21 to 1 and discharge 
into a basin with a granite sill, the water then flowing down a flight of steps of blue 
brick with concrete nosings. This flight of steps, which is 30 ft. wide, is carried down 
to the bottom of the reservoir and terminates in a concrete apron, 60 ft. by 30 ft. and 
12 in. thick. 

In constructing the outlet two shafts were sunk, ro ft. internal diameter and 72 ft. 
apart, 36 ft. on either side of the puddled wall. They are lined with concrete 4 ft. 


Showing Completed Lining of Concrete Block; and Coping. 
ISLAND BARN RESERVOIR. 


thick. These shafts are carried to a depth of 39 ft. 7 in. below the concrete, which 
forms the toe of the inner slope, and 78 ft. below the top of the embankment. А pipe 
3 in. in diameter passes through the wall of the inner shaft near the bottom of the 
reservoir with two valves, one on the outside and one on the inside, worked from the 
platform at the top of the shaft. In the outer shaft similar valves allow the water 
to pass out through pipes 36 in. diameter, which connect to the existing mains by 54-1n. 
and 36-in. diameter pipes respectively, bedded in concrete. 

The two shafts are connected by a circular tunnel. In constructing this tunnel, 
concrete segments 4-in. thick were made in moulds, and every block is grooved or 
tongued on all four sides. so that eight sections form a ring 12 in. wide. Directly a 
length was excavated the segments were placed in position, jointed in cement mortar 
and grouted outside under pressure, similar to cast-iron tunnels. The concrete has 
stood for a year with only the 4-in. concrete segments for lining and has been found to 
be perfectly satisfactory. 

The reservoir was designed by W. B. Bryan, M.Inst.C.E., Chief Engineer of the 
Metropolitan Water Board. The resident engineer is Mr. A. P. Maddocks, M.Inst.C.E. 
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CONCRETE BLOCKS AS OLD CHURCH RUINS. 


The pumping station, machinery and intake works were designed by Mr. J. W. Restler, 
M.Inst.C.E., Deputy Chief Engineer of the Board. 


PETER'S CHURCH, SOUTH BANK, TO REPRESENT OLD CHURCH Ruins. 
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CONCRETE BLOCKS AT Sr. 


CONCRETE BLOCKS TO REPRESENT OLD CHURCH RUINS, 
THE accompanying illustration shows werk done by concrete blocks at St. Peter's 
Church, South Bank, Norton-on-Tees, to represent old church ruins. The blocks were 
made with the " Drinz" block machine, supplied by the Stockton Stone and Concrete 
Co;, Ltd. : 


NEW USES FOR CONCRETE. (CONCRETE) 
NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as tonew uses to which concrete 
and reinforced concrete are put, with data as to expertence obtained during the experimentai 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork, where structures of great height are required. —ED. 


REINFORCED CONCRETE ELECTRIC LAMP POLES, ST. MARY'S FALLS 
CANAL, MICHIGAN. 


The Improvements in Progress. 


THESE reinforced concrete lamp poles were required to replace the old timber pole: 
previously in use, which had constantly to be renewed because of decay. Before 
deciding to make usc of reinforced concrete for the new poles it was agreed upon 
to build an experimental pole of concrete to test the adaptability of the material 
and determine the cost, and this experiment proved so satisfactory as to warrant 
the construction of 40 poles of the same general type. 

The poles are 11 in. square at the base and 6 in. at the top. The reinforce- 
ment consists of one $-in. square twisted bar, 34 ft. long. in each corner, extending 
from about a foot above the base to the top, and two similar bars, 1 in. square, 
25 ft. long, in cach side, extending to within 9 ft. of the top, so that the cross- 
sectional area of the reinforcement for the bottom part of the pole is 3:56 sq. in., 
but for the top o ft. of the pole it is only 1:56 sq. in. The bars were tied together 
at intervals of 4 ft., with two turns of No. 6 soft steel wire, bent to a square, within 
which the rods were placed and secured at proper spacing by winding with stone 
wire, as shown in Fig. 2. 
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FORMS AND REINFOR EMENI FOR REINFORCED  oNz;RETE LAMP Pores., Sr. MARY'S FALLS CANAL, 


The wires are brought from the main conduits through 2-in. galvanised duct 
to the concrete base, in which the pole is set, and up along the outside of the pole 
to the cut-out box. located about a foot above the base. 

The poles were moulded in a horizontal position, and the forms for the concrete 
are shown in Fig. 1 р 
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REINFORCED CONCRETE LAMP POLES. 


p UE 
A Ag cm га „== Н 


STRUCTIONA 
ENGINEERING =, 


— 
4 
a. ws 
5 
i E 
ð 19 
ee * 
| ue M 
AUS hee ` 
جب‎ е 
PE ; 
"E", 
» í 
f 
t 
эз, 
үү, 
‘ ' Y. 
2 
' 
' 
r Ing 
' O 
ч è 
t í 
i 
i 
' 
it 
- ' 
' L] 
¢ 4 
ад 


Cast iron cap. 


PoLE AND Bast CR»oks FoR REINFORCED CONCRETE 
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LAMP SUPPORT, ST. Mary's FALLS CANAL. 


TESTING A REINFORCED CONCRETE ELECTRIC 


NEW USES FOR CONCRETE. CONCRETE, 


The rods for reinforcement having been purchased in the lengths needed, the 
first step in assembling them was to bend the wire ties or bands to the proper sizes 
to fit around the rods at intervals of 4 ft., and keep the rods to the taper which the 
shape of the pole required. These wire bands were placed in the form around the 
rods, and each rod was ticd with wire to each band at the point of crossing. This 
resulted in a unit of reinforcement that was quite rigid. The central pipe was then 
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REINFORCED CONCRETE 
PoLE IN PLACE. St. Manv's 
FALLS CANAL. 


554 


placed and secured, the steps adjusted with their wedges, and 
the top casting placed over the upper ends of the reinforcing 
rods ready to receive the concrete. 

The concrete used was mixed in the proportion of 1j 
barrels cement, 7 cu. ft. of sand, and 14 cu. ft. of limestone 
screenings. This batch made about 15 cu. ft. of concrete, 
or sufficient for one pole. 

As a general rule, these poles are set 314 ft. back from 
the face of the canal wall, in a block of mass concrete 3 ft. 
square by about 4 ft. deep. 

The work was carried out under the supervision of 
Mr. L. C. Sabin, M.Am.Soc.C.E., general superintendent, 
St. Mary's Falls Canal, Michigan. The drawings illustrating 
this article were very kindly placed at our disposal by our 
contemporary, Engineering News. 


REINFORCED CONCRETE Arc-LAMP POLE at St. MARY'S 
FALLS CANAL. 
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CORRESPONDENCE, 


Under this heading we invite correspondence. 


92 Tooley Street, London Bridge, S.E. 
Ready Reckoners for Reinforced Concrete Work. 

DEAR SiR,—I have very carefully perused the review of my publication, entitled 
Ready Reckoners for Reinforced Concrete Designs, which appears in your June number. 

Your reviewer is, of course, entitled to his own opinions, and that is all very 
well as long as he points out substantial and real errors and defects. In saying '' the 
calculators are of doubtful utility," and, again, '' instead of their substantiating the 
author's intention that they should reduce risks of error in calculations we fear that 
they might be more likely to increase it," he goes, however, too far, as the logical con- 
clusion from these sentences is that the reckoners give false results. 

Now, I contend that this is not the case, and, as his statements, apart from affect- 
ing the sale of the publication, must naturally affect my professional reputation as a 
writer and designer in ferro-concrete, I am not content to let the matter rest there. 

If your reviewer can show me a single instance in which the reckoners do not 
give precisely the same result as the formule generally used, I am satisfied to bow 
to his superior judgment and wisdom. If, however, he cannot do so, I shall have 
to call upon him to withdraw his remarks, which I contend are quite erroneous and 
an unfair criticism. | 

As to the technical points of the case, it is clear that all calculations in ferro- 
concrete must necessarily be based on certain assumptions ; it is clear that a certain 
width of the table of a “ T ” beam must be assumed to make any calculation at all ; 
it is clear also that there can be only one depth of a beam in which the materials 
are stressed to best advantage and economy. These bases have been adopted, and 
the most tedious calculation could not possibly give another result. The reckoners 
are not arrived at graphically, but each figure is obtained from actual calculation 
by means of formule involving some six months of very tedious work to the author. 

I am constantly using these reckoners, particularly for floor designs, and many 
thousands of yards of floors have been executed, the designs of which were purely 
and simply based on these reckoners. Most of these floors have been subjected to 
exhaustive tests, with the very best results, and not a single failure has occurred. 

I may further point out that some of the leading specialists of the day in this 
country as well as abroad use my reckoners, have tested them, found them absolutely 
correct, and have congratulated me on such correctness, and expressed their pleasure 
to use them, as they save such a lot of time and prevent mistakes. 

In face of these facts, you will agree that it would be unfair to me to have an 
important publication like this simply pronounced wrong without its being proved 
in any way that it is so, and I must call upon your reviewer to substantiate one 
single instance in which he obtains a different result from the reckoners from that 
which he obtains by means of the usual formule. F. RiNGs. 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


OUR REVIEWER’S REPLY TO THE ABOVE. 

In answer to the above I will single out a few points from the work in question. 
and illustrate my remarks by an example : 

Supposing I require a T-beam to carry an inclusive distributed load of 4,600 Ib. 
per ft. run, with a span of 48 ft. freely suppor.ed. Now, using Mr. Kings's diagram 
No. 4 (for limiting stresses of 17,000 lb. per sq. in. in the steel and 600 Ib. per sq. in. 
in the concrete), this shows the effective depth to be 3o in. and the area of stecl 
35'2 Sq. in., tahing the breadth of the table of the ‘' T” as 16 ft., for which assump- 
tion he stipulates. 

Checking by the formula in the R.I.B.A. Committee’s Report we find, with this 
sized beam and area of stecl, that if the thickness of the table or slab be ro in. then 
the stresses are 17,000 lb. per sq. in. in the steel and боо lb. per sq. in. in the concrete, 
but if the slab be 3 in. the stresses are 15,800 Ib. per sq. in. in the steel and 1,076 lb. 

г Sq. in. in the concrete. The latter. to say the least, is a considerable difference 
from 600 lb. per sq. in., though Mr. Kings may not call it an error. Again, it is 
conservative practice to take the width of table at not more than fifteen times the 
thickness, which, if то in., would give 12 ft. 6 іп. and if 3 in. would give з ft. 9 in. 
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Another limit usually imposed is that the width shall not be greater than threc- 
quarters the spacing of beams. Mr. Rings says nothing of this. His * one-third 
the span " might easilv exceed the distance be.ween beams. 

I may note also. that in speaking of slabs sometimes requiring compressive rein- 
forcement he says: ‘ These compression rods are usually arranged so as to run in 
opposite directions to the tension rods." I may be misinterpreting his words, but 
this scems to me to advise putting compression rods at right angles to the tension 
bars, in which position they would not be of much avail in resisting the compression. 

I think it likewise inadvisable for him to state that the width of rib must be 
left to the judgment of the designer, and that two or more rods should be bent up 
towards supports to resist shear and reverse bending moments. They are quite 
general statements, I know, but I contend that they might lead the inexperienced 
designer into errors of omission. 

Neither do I agree that it is sufficient to advise that central bending moments 
in continuous slabs be taken as W7. I put it mildly when I said that that is not 
alwavs correct. 14 


] hope that this will satisfv Mr. Rings without my going further in the matter. 
REVIEWER, C. AND С.Е. 


June 2oth, 1911. 


Re:rogression v. Progress in Building Construction. 

DEAR SiR,—I should be glad if vou could find space in your columns for the 
following remarks : 

With a view to the reduction in cost of elementary schools a committee was 
last vear appointed by the Education Department to consider the use of '' novel ” 
materials and methods of construction, with due regard to “ durability and suit- 
abilitv." As the practical result of their deliberations a school for зоо children has just 
heen erected at Old Harley, Northumberland, to take the place of a building recently 
destroyed by fire. 

The new building, as described in the pages of a technical journal, is a '' timber- 
framed building ” encased with slabs, composed, I understand, of plaster and straw. 
These slabs are secured to the framing both externally and internally, those on the 
outside being rendered in cement, ete. In the event of an outbreak of fire (a risk, 
under the circumstances, which could hardly have been overlooked), the moment 
the flames break through the roof and window openings the wood framing would 
be immediately attacked and promptly demolished. 

Deprived of proper ventilation, the occasional air gratings being totally inade- 
quate, the framing is doomed to decay, and, as it is subjected toa high temperature on 
the inside and а colder temperature, accompanied by more or less dampness, on the 
outside, the necessary shrinkage and expansion of the timbers must lead to the 
cracking of the plaster slabs and their ultimate destruction by wet and frost. 

Were this a private experiment I would not bring it to your notice, but. being 
the act ofa Government Department using public funds. it appears to call for stringent 
criticism. It would be interesting to know what steps were taken by the committee 
to discover materials suitable for their purpose. 

It scems to me that, in view of the conditions laid down for their own guidance, 
the material selected should have possessed the following essentials—viz. : 

(a) Composed of ingredients that would withstand the action of the wcather. 

(b) Fire-resisting in a high degree. 

(c) Capable of standing on its own merits, without trusting for support to wood 
framing. 

Materials possessing thesc qualities have been on the market for over ten vears 
and can thus hardly be deemed “ novel," and have been used by H.M. Office. of 
Works. It therefore seems unfortunate, both in the interests of the public and of 
building advancement generally, that the Education Department should have placed 
their seal of approval on a method of construction which is generally condemned 
and practically obsolete, and have been content to obtain a building which cannot 
be better described than a glorified lath and plaster erection at a considerably higher 
cost than they could have erected out of materials that would have satisfied their 
own original conditions. Yours faithfully, 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. C. A. 
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Memoranda and News Items are presented under this heading, with occastonal editorial 
comment. Authentic news will be welcome.— 


Waterproofing and Colouring Compounds. —The colouring of concrete, which 
has been a very perplexing problem, is gradually becoming simplified and certain. 
The demand for artistic and satisfactory exterior colour treatment has now become 
very general. Experimenters in the concrete colouring fields have groped and tested 
for years with but few successes. Many methods of colouring have been tried from 
time to time, but certain of these have been proved to weaken the bond, and engineers 
and architects are agreed that even the slightest weakening is most undesirable. 
Another method which has been employed and which has been found quite satisfactory, 
where colour only is desired, is that of the special coatings, compounds that avoid the 
weakness of paint, but which are essentially painty in their character and form a 
thick coating over the surfaces of the cement. But for those who desire to preserve 
the natural texture, and at the same time to get an artistic colouring effect, such a 
material will not be satisfactory. Therefore, it is for the large and increasing group 
of cement users who desire something that will cover the surface of the concrete 
without giving it with a thick coating like paint that the transparent cement stains 
have been designed. They sink into the pores and preserve the natural texture of 
the cement. 

Among the many advantages claimed for stains is the ease and rapidity with 
which they can be applied. Then they are more economical in that they cover from 
twice to three times as much surface per gallon as the heavy paints, and the wearing 
qualities are far more satisfactory. The fact that they do not form any skin or coating 
over the surface makes it impossible for them to crack or peel off, 

But, in addition to these colouring advantages, the stains waterproof the surface 
completely and permanently. The vehicle contains an indestructible waterproof 
compound, which enters and seals the pores of the concrete, and as it does not oxidise 
by age, this waterproof effect lasts for all time. 

It would seem, therefore, that the opening remark about the solution of the 
colouring problem for concrete is amply justified, and the pathway of good colouring 
should be clear for the future.—Cement A ge. 

Experience with Cement Mains at Rahway, New Јегѕеу. —1п the volume of the 
1910 Proceedings of the American Water Works Association, Mr. Wm. Bishop describes 
about 12°6 miles of cement mains, which were laid in Rahway, New Jersey. in 1871, 
the largest of these being I2 in. 

Each section of pipe is 7 ft. long and consists of a sheet iron shell rivetted length- 
wise, and lined both inside ‘and outside with a coating of cement } in. in thickness. 
The larger sizes of pipe are butt-jointed with a short band at the joint. The smaller 
Sizes are made with one end 1 in. larger in diameter than the other, and the small 
end of one pipe is laid inside the large end of the next, about 4 in. About 18 in. trom 
the large end of the pipe a spud is placed with a lock nut on each side of the sheet iron 
shell; this spud is imbedded in the cement coatings sufficiently to cover the lock- 
nuts, and is filled with cement also ; a wooden block is put over it for its protection. 
To make a tap it is only necessary to uncover the spud, drill out the cement, and 
attach the connection. The usual pressure under which we operate is 40 to 45 lbs. 
at the works, and as the city is comparatively level, the pressure is nearly the same 
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throughout. The pipe can be made to stand any moderate pressure by the use of a 
shell of proper thickness. In this particular pipe the shell does not appear to have 
been coated before being lined. 

The 12-in. mains have needed scarcely any repairs, and experience has shown 
that where the pipe is properly laid on good, firm ground, with the pressure used here, 
there is very little trouble ; where the ground is made or marshy, the pipes are more 
apt to settle, and if the outside cement coating cracks, the air and moisture rust the 
sheet iron shell and eventually it breaks. 

When we have had to cut into the pipes, for any cause, we have found them 
absolutely without incrustation or deposit, and uniformly clean. The shell itself, 
with the exception of where the outside coating of cement was cracked, was as bright 
as it was when laid thirty-eight years ago. 

Had cast iron pipe been originally laid, we would now be experiencing more or 
less trouble for want of proper pipe capacity, while to-day, although they were guaran- 
teed for only twenty years, there is no reason to believe there is any general deteriora- 
tion in the mains. Our water is considered an excellent one for boiler use. 

Concrete Partition Slabs. 
—The value of partition slabs 
of concrete for fire resistance 
is very plainly shown by 
the accompanying  illustra- 
tion, made from а photo- 
graph which was taken after 
the disastrous fire at Messrs. 
Arding & Hobbs' premises at 
Clapham Junction. This par- 
tition consisted of 4} in. 
hollow concrete blocks, the 
larger portion of them being 
left perfectly intact as 
shown, whereas all the wood 
framing and mostjof the 
plaster was destroyed. Ow- 
ing to the severe impact by 
the falling debris, some of the 
blocks fell to the ground, but 
they remained practically 
unchanged by the fire. 

The blocks in question 
were supplied by Messrs. J. 
Wright & Co., of New Malden, 
Surrey, and are made of the 
best English Portland cement, 
thus ensuring their resistance 
to fire. 

These blocks are easily 
cut, their erection is a very 
simple matter, and they are 
also perfectly rigid {without 
the use of irons. The blocks 
can be finished externally 
with cement rendering, to 
provide a thoroughly weather- 
proof building. They сап 
also be used for either air or 


View ОЕ PORTION OF CONCRETE PARTITION AFTER THE E 
CUT CLAPHAM JUNCTION FIRE. smoke flues. [hese blocks 
are specially useful where 
temporary buildings are required, as they fulfil the requirements of low price 


necessary for such work, giving at the same time a permanent structure. 
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Wright's partition blocks have lately been used in the erection of many large 
Government and industrial buildings. 

Concrete Boats in California. —^ concrete barge and pile construction plant, 
involving an outlay of $150,000, has been established on the Oakland estuary, San 
Francisco. The barges will be used for handling freight between San Francisco and 
Sacramento. Tentative orders for thirteen barges have already been received. A 
boat now in course of construction will be roo ft. long by 30 ft. wide, and will receive 
its buoyancy from 26,160 cu. ft. of ' locked " air. The base will be shaped like 
the ordinary wooden barge and will be 7 ft. deep. Through this base concrete walls 
will be built for the entire length of the structure every 6 ft. Similar walls will run 
for the width every 6 ft. apart, forming air chambers 6 ft. sq. There will be eighty 
of these, making it impossible for the barge to sink, no matter how many holes might 
be punctured in its bottom. On the top of the deck there will be walls 14 ft. high, 
sustaining a roof, and within this house the barge will have a capacity of 526 tons of 
freight. As the capacity of the river boats plying between Sacramento and San 
Francisco is but 150 to 300 tons, the owners of the barge expect to be able to lower 
the freight rates. The barge will be transported by tug power. All future barges 
will be built along the same lincs.—Cement Age. 

Steel Hoisting Towers.—Stcel hoisting towers erected alongside buildings for 
hoisting concrete are being used at Lowell on the new warchouse for the Massachusetts 
Cotton Mills. They are made in interchangeable sections, each то ft. 9 in. high, 
and are said to be rigid enough for heights of over тоо ft. They consist of 4 in. by 
4 in. by f in. upright corner angles and 23 in. by 2} in. by 1 in. angles for diagonals 
and braces. The guides for the automatic dumping concrete bucket are 5-іп. 
channels. The bucket can be arranged to tip at any panel to suit the floor elevation. 
Each section is divided into two panels by an intermediate horizontal brace, and 
the horizontals at top and bottom of the section have their flanges out, thus giving 
bearing for adjacent sections. In each section holes are punched in the uprights 
so that the derrick can be placed at any height. On one side of the tower is a ladder, 
also of steel. The towers delivered to the job ready for erection are said to have 
cost {100 each.— Engineer. 

Sawdust Concre:e.—When sawdust or wood pulp is used as part of the aggregate 
in mixing the resulting concrete is of light weight and low tensile strength, but has 
some special properties that commend it for certain indoor uses. On account of 
its clasticity, combined with its practically non-absorbent character, it is especially 
adapted as a floor veneering for markets, butcher shops, saloons, etc. It mav be 
laid without joints in a continuous layer 1} in. deep upon paper spread over the 
floor that is being treated. In these cases the customary proportions for mixing 
are I part cement, 2 sand, and 2} sawdust. A greater proportion of sawdust than 
this would make the concrete too absorbent. 

A novel application of sawdust concrete has recently been made in the new 
public library building in Springfield, Mass. It was employed here as a base on 
which to lay the cork carpet covering the floors. The object was to obtain a laver 
into which nails could be driven, and which at the same time would hold the nails. 
The company that laid it states that it accomplished both purposes. After several 
experiments with different mixtures it was found that a 1:2: $ mix—three-fourths 
of a part of sawdust—gave the desired result, and 5,000 sq. ft. of this mixture were 
laid. The thickness of the laver was I in., and after four months of service indica- 
tions are that the material is a success.—Cement World. 

New Supper-Room at Dublin Castle.—|n connection with the improvements 
which are being carried out at Dublin Castle, the chief feature is a permanent new 
supper room, the foundations for which arc to be concrete reinforced with expanded 
metal. The apartment will be about 8o ft. long and ҷо ft. wide. The building 
operations are being carried out by Messrs. Н. I. Martin, under the supervision of 
Н.М. Office of Works. The decorations are being executed by Messrs. Dockrell 
Sons, Ltd. 

Proposed Widening of Newport High Street.—The Newport Town Council at a 
recent mecting decided to widen the High Street to 40 ft. when the necessary land 
can be acquired. It was decided the widening should be covered with reinforced 
concrete. 
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Reinforced Cement Building.— The first house ever built in Europe of reinforced 
cement has just been completed in Haarlem. 

The interesting feature in connection with the construction of the building is 
that, strictly speaking, it was not built at all, but was cast in a single piece. An 
iron mould was erected, and into this the cement was poured. As soon as this had 
hardened the iron casing was removed, and the house was ready for the placing of 
the roof and the interior fittings. 

Separator for Concrete Wall Moulds.— An ingenious and at the same time simple 
type of separator for concrete wall moulds, as described by an American contemporary, 
consists of a concrete tube made in standard lengths of 4 in., 5 in., 6 in., and 8 in., 
each having a í£-in. diameter hole from end to end, giving ample clearance for a 3-in. 
bolt, passed through the tube and the timbering on each side. The separators are 
moulded of good quality concrete, and after the wall has been built thev are left in 
place, and become an integral part of the structure. The holes can be allowed to 
remain open for the support of temporary scaffolding, and afterwards closed by 
cement mortar. Ап advantage claimed for the new form of separator, in addition 
to its general convenience, is that no rust streaks are caused, as is sometimes noticed 
where iron separators are emploved. 

A Receut Test оп Lock- Woven Mesh.—A test has recently been carried out, 
according to The Builder, on Messrs. Tozer and Sons lock-woven mesh reinforcement. 
The test was conducted on a concrete slab reinforced with lock-woven mesh 
under the auspices of the Institute of Architects of New South Wales at the Technical 
College, Ultimo. The slab, which was made under the supervision of Mr. James 
Nangle, F.I.A., F.R.A.S., was composed of five shivers, 2 Nepean sand, 1 Portland 
cement. The thickness of the slab was 6 in.; span, 8 ft.; width. 4 ft.; age of slab, 
30 days; depth, from top of slab to centre of stecl, 5 in. ; sectional arca of steel, 
‘5499 Sq. in. The slab was loaded with bricks, each layer consisting of тоо bricks, 
with bolts spaced sufficiently far apart to prevent any probability of arching. With 
a load of 168 lb. per sq. ft. the deflectometer showed a deflection in the slab at the 
centre of the span of ʻor5 in. The load was then taken off, and the slab returned - 
to zero. This gives a good illustration of the elasticity of the slab and the reinforce- 
ment when we bear in mind that the live load calculated for was only 56 lb. per foot, 
with a factor of safety of 4, and the slab was thus loaded to about three times its 
live load. Immediately following this test, the slab was loaded for a breaking strain, 
and particular interest was taken to sce whether, when the load reached its previous 
amount, the deflection would be increased owing to the excessive stresses produced 
by the first test. Such was not the case, however, for with the same load—viz., 
168 lb. per sq. ft.—the deflectometer showed exactly the same deflection of ‘O15 in. 

Further loadings produced greater deflections, as shown on table below : 


Load. Deflection. 
Lb. per sq. ft. In. 

224 iis aes ee dw. i d "m ret °02 

267 i T Sas ees kes 85 sia Vus "115 

281 vas nem яе єз "m T Fux е "18 

338 vis p T T" Ves 5s es iss ‘27 

366 33 


With the load finally at 40774 Ib. per sq. ft. the slab broke, a crack developing 
at 2 ft. 4 in. from onc end, thus denoting that the stcel had been stressed up to its 
elastic limit, and that it had commenced to stretch. From this we see that the test 
came out highlv satisfactorv, the slab developing a total bending moment of 182,016 
in. lb. against the theoretical bending moment of 158,471 in. lb. 

Waterproof Reservoirs.—Four waterproofed reservoirs, built by the El Paso 
South-Western Railway a vear ago, have given satisfactory service as the result of 
surface treatment of the concrete linings. The depth of water is 12 ft. Soap and 
alum were first used in coating the lining, which was 4 in. to 6 in. thick. Two coats 
of each were applied, beginning with the soap, and alternating. Hot asphalt or 
cold prepared asphalt paint was then put on the surface. Some trouble was expcri- 
enced in making the asphalt adhere permanentlv, probably owing to the fact that 
the surface was smooth and glossy as a result of the alum and soap treatment. The 
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prepared asphalt paint adhered more firmly, however, and proved generally satis- 
factory. The work was done on the basis that dense concrete rich in cement is the 
primary requisite for water-tightness. The treatment was selected after tests to 
determine the qualities of the soap and alum solutions and the asphalt and paint.— 
Engineer. | | 
TRADE NOTICES. 


Indeated Bar and Concrete Engineering Co.—We are informed that the name 
of the Patent Indented Steel Bar Co., Ltd., has been altered to the Indented Bar 
and Concrete Engineering Co., Ltd. The business of the firm will not be altered, 
but will be carried on under the new name at the same address, Oueen Anne's 
Chambers, Westminster. 
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EDITORIAL NOTES. 


THE SECOND REPORT OF THE JOINT COMMITTEE ON 
REINFORCED CONCRETE. 


T is with the greatest pleasure that we announce the issue of the Second 

Report of the Joint Committee on Reinforced Concrete, which was formed 

under the auspices of the Royal Institute of British Architects, and whose 
first momentous statement was issued in 1907. 

Since that year the progress made in the use of reinforced concrete in the 
British Empire has been remarkable, and, generally speaking, the work executed 
has been eminently successful, and in many instances economical. As with all 
new materials, it has been frequently badly applied, and in some cases the ignor- 
ance displaved both in design and execution have been quite as remarkable as 
when other new materials have been introduced during the past century. It is 
in order to avoid the errors of the ignorant and inexperienced that a report such 
as that of the Joint Committee is particularly valuable. It is a guide to those 
who, not being controlled by specific regulations, are all too often inclined to 
take undue risks, or to adopt the attitude of laissez-faire. 

Apart from serving as a guide, a report of this description materially 
strengthens the hands of the advocates of reinforced concrete, as it 15 a useful] 
document which can be put forward when doubts are expressed as to reinforced 
concrete in a general sense, or where public authorities and employers like to 
know that their advisers are not acting on their own responsibility alone, but 
that they have some fairly authoritative expression of opinion to go upon. 

The second report now before us 1s obviously an improvement on the first, 
and, as its introductory note indicates, this may be ascribed probably to the 
fact that the use and knowledge of the material have steadily increased ; but, 
apart from this, we think the improvement is also probably due to a lessening 
of certain prejudices and a wider grasp of the subject which have come with the 
efflux of time. 

The weakest spot in the report is that its signatories are not as representa- 
tive of the technical professions concerned as we would have wished. They are 
as representative certainly as in the first report, and even more so, as they now 
include representatives of the London County Council and of the Concrete Institute, 
but the Royal Institute of British Architects, the District Surveyors’ Associa- 
tion, the Institute of Builders, the Association of Municipal and County Engineers, 
even when supplemented by delegates from the War Office and Admiralty and 
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by the two bodies first named, scarcelv constitute as representative a combination 
of technical knowledge as could be desired. Surely the principal body in all 
affairs relating to engineering is the Institution of Civil. Engineers, апа no 
matter how slowly that body may have moved, and how conservative its views 
may be at times, no expression of thought concerning technical problems can 
be reallv considered authoritative when that body stands apart. Of course, it 
may be pointed out to us that the representatives include some enginecrs, but, 
excepting Professor Unwin, with Mr. C. H. Colson, of the Admiralty, and Mr. 
W. G. Kirkaldy of testing fame, the engineering talent is not characteristic of 
the current age of great engineering works. Where, we would ask, are the men 
who have made Great Britain's name famous in civil engineering work in the past 
25 years? Of course, we are fully aware that in the early days of reinforced 
concrete there may have been some misunderstanding between the Royal 
Institute of British. Architects and. the Gt. George Street institution as to the 
representation of the latter body on the Joint Committee, but the time is surely 
past for all this. The Institution of Civil Engineers even has its own reinforced 
concrete sub-committee at work at the present moment, and it is regrettable 
indeed that the differences should not have been overcome, as they militate so 
greatly against the value of this useful piece of work. 

What we have remarked concerning the Institution of Civil Engineers also 
holds good in a certain degree to the Iron and Steel Institute, the Institute of 
Chemistry, and the British Fire Prevention Committee. Steel plays such an 
important róle in reinforced concrete that its premier institute should certainly 
have been represented. Chemistry also has a high position, and should not 
have been overlooked, whilst the fire risk occupies an important and economic 
place, and is, as a matter of fact, accorded considerable space in the third clause 
of the report. To put it quite plainly, the Joint Committee is a very useful one 
as far as it goes, but it does not represent the whole of those technical interests 
which should have a voice in the matter. 

As in 1907, we are publishing the main part of the report, and it is 
our intention to take up certain of the scientific and technical questions 
in succeeding numbers of this journal. We would here say that, even 
if some of the points brought out are eminently contentious, they do not appear 
to contain anything that 15, in our view, seriously wrong. The appendices that 
have been added are certainly worthy of attention. 

Regarding the Standard Notation, which has been appended in a useful 
form, we are glad to observe that the notation proposed by the Concrete Insti- 
tute has been adopted, for even if we cannot obtain an international notation, 
it is well, indeed, that the effort to standardise the notation in reinforced 
concrete in the British Empire should continue, and it greatly facilitates matters 
when bodies such as the Joint Committee adopt what the Concrete Institute 
has proposed. 

Speaking generally, the second report merits the attention of all interested 
in concrete and reinforced concrete. It is a valuable piece of work, and most 
useful as far as it goes, and we think it is a necessary addition to the library of 
all those interested in the new material. 
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SECOND;REPORT OF THE JOINT 
COMMITTEE ON  REINFORCED | 
CONCRETE 


Formed under the auspices of 
THE ROYAL INSTITUTE OF 
BRITISH ARCHITECTS. 
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The long-expected Second Report of the Jotnt'Committee on Reinforced Concrete formed 
by the Royal Institute of British Architects has fust been published, and we now present 
it, with its ** Prefatory Note,” and the ''Standard Notation,’’ but without the 
Appendices. The Notation given should serve as a useful guide to all concerned in 
getting out calculations for reinforced concrete work. —E. 


WE are presenting herewith the Second Report of the Joint Committee on Rein- 
forced Concrete, formed under the auspices of the Royal Institute of British 
Architects, together with the key to the notation, but excepting the appendices, 
and we would here remark that the complete second report can be obtained at 
the offices of the Joint Committee, Royal Institute of British Architects, 9 Con- 
duit Street, Regent Street, London, W., at the price of Is. It should form an 
absolute essential in the library of anyone interested in the subject. 

We would preface the report by giving the constitution of the Joint Com- 
mittee, which is as follows : i 


Chairman : Sir Henry Tanner, C.B., 1.5.0., R.V.O., F.R.I.B.A., President 
Concrete Institute. 

Vice-Chairman : Professor W. C. Unwin, F.R.S., Hon.A.R.I.B.A. 

Representing the Royal Institute of British A rchitects : Max Clarke, F.R.I.B.A. ; 
William Dunn, F.R.LB.A.; A.T. Walmisley, M.Inst.C.E. ; H. D. Searles- 
Wood, F.R.I.B.A., hon. sec. 

Representing the District Surveyors’ Association. —E. Dru Drury, F.R.I.B.A. ; 
Thomas Henry Watson, F.R.I.B.A. 

Representing the Institute of Builders : Benjamin I. Greenwood, Frank 
May, J.P. 

Representing the Municipal and County Engineers’ Association : j. W. 
Cockrill, M.Inst.C.E. ; A. E. Collins, M.Inst.C.E. 

Representing the War Office : Captain J. Gibson Fleming, R.E., Assoc.Inst.C.E. 

Representing the Admiralty : C. H. Colson, M.Inst.C.E. 

Representing the London County Council : Frank Capon ; E. Fiander Etchells, 
F.Phys.5oc., A.M.I.Mech.E. 

Representing the Concrete Institute: Charles F. Marsh, M.Inst.C.E., 
M.Am.Soc.C.E. ; William G. Kirkaldy, A.M.Inst.C.E. 

In the explanatory note the Joint Committee say that their Section on 

Materials has been modified in certain details as compared with the report of 
1907. The Section on Methods of Calculation has been recast in form, and the 
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standard notation proposed by the Concrete Institute has been adopted. The 
sub-section on Columns has been revised, and the formule proposed have been 
recast so as to include the cases in which the lateral or helical binding is a material 
factor in the strength. 


There are eight appendices to the report, and their titles are as follows : 


Calculations for Singly Reinforced Beams. By Captain J. G. Fleming, 
R.E. 

Shear Stresses in Reinforced Concrete Beams. By William Dunn, 
F.R.1.B.A. 

The Strength of Rectangular Slabs. By E. F. Etchells, F.Phys.Soc. 

Strength of Piliars. By E. F. Etchells, F.Phys.Soc. 

The Moment of Inertia of Sections of Reinforced Concrete. By W. C. 
Unwin, F.R.S., Hon. A.R.1.B.A. 

Tensile and Shearing Stresses in Web Reinforcement. By E. F. Etchells, 
F.Phys.Soc. 

Bach's Theory of the Resistance of Flat Slabs Supported on all Edges 
and Uniformly Loaded. By W. C. Unwin, F.R.S. 

Comparison of the Results Given by Various Rules for the Strength of 


Flat Rectangular Slabs Supported on all Edges and Uniformly Loaded. 
By William Duan, F.R.I.B.A. 


SECOND REPORT. 
PREFATORY NOTE. 

1. Reinforced concrete is used so much in building and engineering construction 
that a general agreement on the essential requirements of good work is desirable. 
The proposals which follow are intended to embody these essentials, and to apply 
generally to all systems of reinforcement. 

Good workmanship and matcrials are essential in reinforced concrete. With 
these and good design structures of this kind appear to be trustworthy. It is essential 
that the workmen employed should be skilled in this class of construction. Very 
careful superintendence is required during the execution of the work in regard to— 

(a) The quality, testing, and m‘xing of the materials. 

(b) The sizes and positions of the reinforcements. 

(c) The construction and removal of centering. 

(d) The laying of the material in place and the thorough punning of the concrete 
to ensure solidity and freedom from voids. 

If the metal skeleton be properly coated with cement, and the concrete be solid 
and free from voids, there is no reason to fear decay of the reinforcement in concrete 
of suitable aggregate and made with clean fresh water. 

2. The by-laws regulating building in this country require external walls to be in 
brick, or stone, or concrete of certain specified thicknesses. In some places it is in the 
power of the local authorities to permit a reduced thickness of concrete when it is 
strengthened by metal ; in other districts no such power has been retained. We are 
of opinion that all by-laws should be so altered as to expressly include reinforced 
concrete amongst the recognised forms of construction. 

A section should be added to the by-laws declaring that when it is desired to erect 
buildings in reinforced concrete, complete drawings showing all details of construction 
and the sizes and positions of reinforcing bars, a specification of the matcrials to be 
used and proportions of the concrete, and the necessary calculations of strength based 
on the rules contained in this report, signed by the person or persons responsible for 
the design and execution of the work, shall be lo lged with the local authority. . 
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3. Fire Reststance.—(a) Floors, walls, and other constructions in steel and 
concrete formed of incombustible materials prevent the spread of fire in varying 
degrees according to the composition of the concrete, the thickness of the parts, and 
the amount of cover given to the metal. 

(b Experiment and actual experience of fires show that concrete in which lime- 
stone is used for the aggregate is disintegrated, crumbles, and loses coherence when 
subjected to very fierce fires, and that concretes of gravel or sandstones also suffer, 
but in a rather less degree.* The metal reinforcement in such cases generally retains 
the mass in position, but the strength of the part is so much diminished that it must be 
renewed. Concrcte in which coke-breeze, cinders, or slag forms the aggregate is only 
superficially injured, docs not lose its strength, and in general may be repaired. Con- 
crete of broken brick suffers more than cinder concrete and less than gravel or stone 
concrete. 

(c) The material to be used in any given case should be governed by the amount 
of fire resistance required as well as by the cheapness of, or the facility of procuring, 
thc aggregate. 

(d) Rigidly attached web members, loose stirrups, bent-up rods, or similar means 
of connecting the metal in the lower or tension sides of beams or floor slabs (which 
sides suffer most injury in case of fire) with the upper or compression sides of beams 
or slabs not usually injured are very desirable. 

(e) In all ordinary cases a cover of } in. on slabs and 1 in. on beams is sufficient. 
It is undesirable to make the covering thicker. All angles should be rounded or 
splayed to prevent spalling off under heat. 

(f) More perfect protection to the structure is required under very high tempera- 
ture, and in the most severe conditions it is desirable to cover the concrete structure 
with firc-resisting plastering which may be casily renewed. Columns may be covered 
with coke.breeze, concrete, terra-cotta, or other fire-resisting facing. 


MATERIALS. 

4. Cement.—Only Portland cement complying with the requirements of the 
specification adopted by the British Engineering Standards Committee should be 
employed ; in general the slow-setting quality should be used. Every lot of cement 
delivered should be tested, and in addition the tests for soundness and time of setting, 
which can be made without expensive apparatus, should be applied frequently during 
construction. The cement should be delivered on the work in bags or barrels bearing 
the maker's name and the weight of the cement contained. 

5. Sand.—The sand should be composed of hard grains of various sizes up to 
particles which will pass a ]-in. square mesh, but of which at least 75 per cent. should 
pass 4-in. square mesh. Fine sand alone is not so suitable, but the finer the sand the 
greater is the quantity of cement required for equal strength of mortar. It should 
be clean and free from ligneous, organic, or earthy matter. The value of a sand cannot 
always be judged from its appearance, and tests of the mortar prepared with the 
cement and the sand proposed should always be made. Washing sand does not 
always improve it, as the finer particles which may be of value to the compactness 
and solidity of the mortar are carried away in the process. 

6. Aggregate.—Thc aggregate, consisting of gravel, hard stone, or other suitable 
material,f should be clean and preferably angular, varied in size as much as possible 
between the limits of size allowed for the work. In all cases material which passes а 


* The smaller the aggregate the less the injury. 
E; Coke-breeze, pan breeze, or boiler ashes ought not to be usel for reinforced concrete. [t is 
advisable not to use clinker or slag, unless the rnaterial is selected with great care. 
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sieve of a ]-in. square mesh should be reckoned as sand. The maximum allowable 
size is usually ł in. The maximum limit must always be such that the aggregate can 
pass between the reinforcing bars and between these and the centering. The sand 
should be separated from the gravel or broken stone by screening before the materials 
are measured. 

7. Proportions of the Concrete.—In all cases the proportions of the cement, sand, 
and aggregate should be separately specified in volumes. The amount of cement 
added to the aggregate should be determined on the work by weight. The weight of 
a cubic foot of cement for the purpose of proportioning the amount of cement to be 
added may be taken at go lb. As the strength and durability of reinforced concrete 
structures depend mostly on the concrete being properly proportioned, it is desirable 
that in all important cases tests should be made as described herein with the actual 
materials that will be used in the work before the detailed designs for the work arc 
prepared. | 

In no case should less dry cement be added to the sand when dry than will suffice 
to fill its interstices, but subject to that the proportions of the sand and cement should 
be settled with reference to the strength required, and the volume of mortar produced 
by the admixture of sand and cement in the proportions arranged should be ascer- 
tained.* 

The interstices in the aggregate should be measured, and at least sufficient mortar 
allowed to each volume of aggregate to fill the interstices and leave at lcast то per 
cent. surplus. 

For ordinary work a proportion of one part cement to two parts sand will be 
found to give a strong, practically watertight mortar, but where special watertight. 
ness or strength is required the proportion of cement must be increased. 

8. Metal.—The metal used should be steel having the following qualities : 

(a) An ultimate strength of not less than 60,000 lb. per sq. in. 

(b) A yield point of not less than 32,000 lb. per sq. in. 

(c) It must stand bending cold 180? to a diameter of the thickness of pieces 
tested without fracture on outside of bent portion. 

(d) In the case of round bars the elongation should not be less than 22 per cent., 
measured on a gauge-length of cight diameters. In the case of bars over I in. in 
diameter the elongation may be measured on a gauge-length of four diameters, and 
should then be not less than 27 per cent. 

For other sectional material the tensile and elongation tests should be those 
prescribed in the British Standard Specification for Structural Steel. If hard or 
special steel is used, it must be on the architect's or enginecr’s responsibility and 
to his specification. 

Before use in the work the metal must be clean and free from scale or loose rust. 
It should not be oiled, tarred, or painted. 

Welding should in general be forbidden ; if it is found necessary, it should be at 
points where the metal is least stressed, and it should never be allowed without the 
special sanction of the architect or engineer responsible for the design. 

The reinforcement ought to be placed and kept exactly in the positions marked 
on the drawings, and, apart from any consideration of fire resistance, ought not to be 
nearer the surface of the concrete at any point than 1 in. in beams and pillars and 
} іп. in floor slabs or other thin structures. 


* For convenience on small works the following figures may be taken as a guide, and are pro- 
bablv approximately correct for medium silicious sand : 


Parts Cement. Parts Sand. Parts Mortar !' Parts Cement. Parts Sand. Parts Mortar. 
І F 4 = 1°20 I n 2 = 2°35 
е а f a 1:50 І 2 24 = 2:70 
I + r} = 1:90 I 3 = S rid 
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9. Mixing : General.—In all cases the concrete should be mixed in small batches 
and in accurate proportions, and should be laid as rapidly as possible. Хо concrete 
which has begun to set should be used. 

Hand-mixing.—When the materials are mixed by hand they are to be turned 
over dry and thoroughly mixed on a clean platform until the colour of the cement is 
uniformly distributed over the aggregate. 

Machine-mixing.—Whenever practicable, the concrete should be mixed by 
machinery. 

то. Laying.—The thickness of loose concrete that 15 to be punned should not 
exceed 3 in. before punning, especially in the vicinity of the reinforcing metal. Special 
care is to be taken to ensure perfect contact between the concrete and the reinforce- 
ment, and the punning to be continued till the concrete is thoroughly consolidated. 
Each section of concreting should be as far as possible completed in one operation ; * 
when this is impracticable, and work has to be recominenced on a recently laid surface, 
it is necessary to wet the surface ; and where it has hardened it must be hacked off, 
swept clean, and covered with a layer of cement mortar } in. thick, composed of equal 
parts of cement and sand. Work should not be carried on when the temperature 
is below 34? Fahr. The concrete when laid should be protected from the action of 
frost, and shielded against too rapid drying from exposure to the sun's rays or winds, 
and kept well wetted. АП shaking and jarring must be avoided after sctting has 
begun. The efficiency of the structure depends chiefly on the care with which the 
laying is done. 

Water.—Thc amount of water to be added depends on the temperature at the time 
of mixing, the materials, and the state of these, and other factors, and no recommenda- 
tion has therefore been made. Sea-water should not be used. 

II. Centering or Castng.—The centering must be of such dimensions, and so 
constructed, as to remain rigid and unyielding during the laying and punning of the 
concrete. It must be so arranged as to permit of easing and removal without jarring 
the concrete. Provision should be made wherever practicable for splaving or rounding 
the angles of the concrete. Timber when used for centering may be advantageously 
limewashed before the concrete is deposited. 

I2. Striking of Centres.—The time during which the centres should remain up 
depends on various circumstances, such as the dimensions or thickness of the parts of 
the work, the amount of water used in mixing, the state of the weather during laying 
and setting, etc., and must be left to the judgment of the person responsible for the 
work. The casing for columns, for the sides of beams, and for the soffits of floor slabs 
not more than 4 ft. span must not be removed under eight days ; soffits of beams and 
of floors of greater span should remain up for at least 14 days, and for large span arches 
for at least 28 days. The centering of floors in buildings which are not loaded for 
some time after the removal of same may be removed in a short time ; the centering 
for structures which are to be used as soon as completed must remain in place much 
longer. If frost occurs during sctting, the time should be increased by the duration 
of the frost. | 

I3. Testing.— Before the detailed designs for an important work are prepared, 
and during the execution of such a work, test pieces of concrete should be made from 
the cement, sand, and aggregate to be used in the work, mixed in the proportions 
specified. These pieces should be either cubes of not less than 4 in. each wav, or 
cylinders not less than 6 in. diameter, and of a length not less than the diameter. 
They should be prepared in moulds, and punned as described for the work. Not less 


* [n particular the full thickness of floor slab should be laid in one operation. 
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than tour cubes or cvlinders should be used for each test, which should be made 28 
days after moulding. The pieces should be tested by compression, the load being 
slowly and uniformly applied. The average of the results should be taken as the 
strength of the concrete for the purposes of calculation, and in the case of concrete 
made in proportions of 1 cement, 2 sand, 4 hard stone, the strength should not be less 
than 1,800 lb. per sq. in. Such a concrete should develop a strength of 2,400 Ib. at 
go days. 

Loading tests on the structure itself should not be made until at least two months 
have elapsed since the laying of the concrete. The test load should not exceed one and 
a half times the accidental load. Consideration must also be given to the action of 
the adjoining parts of the structure in cases of partial loading. In no case should any 
test load be allowed which would cause the stress in any part of the reinforcement to 
exceed two-thirds of that at which the stcel reaches its elastic limit. 


METHODS OF CALCULATION. 
Data. 


I. Loads.—In designing апу struc- 
ture there must be taken into account: 

(a) The weight of the structure. 

(b) Any other permanent load, such 
as flooring, plaster, etc. 

(c) The accidental or superimposed 
load. 

(d) In some cases also an allowance 
for vibration and shock. 

Of all probable distributions of the 
load that is to be assumed in calculation 
which will cause the greatest straining 
action. 

(i.) The weight of the concrete and 
steel structure may be taken at 150 Ib. 
per cu. ft. 

(ii.) In structures subjected to very 
varying loads and more or less vibration 
and shock, as, for instance, the floors of 
public halls, factories, or workshops, the 
allowance for shock may be taken equal 
to half the accidentalload. In structures 
subjected to considerable vibration and 
shock, such as floors carrying machinery, 
the roofs of vaults under passage ways 
and courtyards, the allowance for shock 
may be taken equal to the accidental 
load. 

(iii.) In the case of columns or piers 
in buildings which support thrce or more 
floors, the load at different levels may be 
estimated in this way. For the part of 
the roof or top floor supported, the full 
accidental load assumed for the floor 
and roof is to be taken. For the next 
floor below the top floor 10 per cent. less 
than the accidental load assumed for that 
floor. For the next floor 20 per cent. less, 
and so on to the floor at which the reduc- 


tion amounts to so per cent. of the 
assumed load on the floor. For all lower 
floors the accidental load on the columns 
may be taken at 50 per cent. of the loads 
assumed in calculating those floors.* 


Beams. 

2. Spans.—These may be taken as 
follows :—For beams, the distance from 
centre to centre of bearings; for slabs 
supported at the ends, the clear span + 
the thickness of slab ; for slabs continuous 
over more than one span, the distance 
from centre to centre of beams. 

3. Bending Moments.—The bending 
moments must be calculated on ordinary 
statical principles, and the beams or 
slabs designed and reinforced to resist 
these moments. In the case of beams or 
slabs continuous over several spans or 
fixed at the ends, it is in general sufficiently 
accurate to assume that the moment 
of inertia of the section has a constant 
value. 

Where the maximum bending mo- 
ments in beams or floor slabs continuous 
over three or more equal spans and under 
uniformly distributed loads are not 
determined by exact calculation the 
bending moments should not be taken 


less than jur at the centre of the span 
I2 


4 
and — at thc intermediate supports. 
When the spans are of unequal 
lengths, when the beam or slab is con- 
tinuous over two spans only, or when the 
loads are not uniformly distributed, more 
exact calculations should be made. 


* [n the case of many warehouses and buildings containing heavy machines it is desirable not 


to make anv reduction of the actual loads. 
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If the bending moments are calculated 
by the ordinary theory of continuous 
beams, it should be remembered that the 
supports are usually assumed level, and 
if this is not the case, or the supports 
sink out of level, the bending moments 
are altered. 

4. Stresses.—The internal stresses are 
determined, as in the case of a homo- 
geneous beam, on these approximate 
assumptions : 

(a) The coefficient of elasticity in 
compression of stone or gravel concrete, 
not weaker than I : 2 : 4, is treated as 
constant, and taken at one-fifteenth of the 
coefficient of elasticity of steel. 


lb. per sq. in. 
Coefficient for concrete = FE, = 2,000,000 
i , Steel — E, — 30,000,000 
Es = 15. 
Е, 


It follows that at any givcn distance from 
the neutral axis, the stress per sq. in. on 
steel will be fifteen times as great as on. 
concrete. 

(b The resistance of concrete to 
tension is neglected, and the stecl rein- 
forcement is assumed to carry all the 
tension. 

(c) The stress on the steel rcinforcc- 
ment is taken as uniform on a cross- 
section, and that on the concrete as 
uniformly varying. In the case of steel 
of large section it may be necessary to 
consider the stress as varying across thc 
section. 

5. Working  Stresses.—l1f the con- 
crete 1s of such a quality that its crushing 
strength is 1,800 lb. per sq. in. after 
28 days as determined from the test 
cubes made in accordance with Clause 13, 
and if the steel has a tenacity of not less 
than 60,000 lb. per sq. in., the following 
stresses may be allowed : 


<------------ 0 
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lb. per sq. in. 
Concrete in compression in beams 
subjected to bending  ... . 600 
Concrete in columns under simple 
compression i 600 
Concrete in shear in beam ; бо 
Adhesion * or grip of concrete to 
metal Р ust ... 100 
Steel in tension ... 16,000 
Steel in compression— 
15 times the stress in the 
surrounding concrete 
Steel in shear ... 12,000 


When the proportions of the concrete 
differ from those stated above, the stress 
allowed in compression on the concrete 
may be taken at one-third the crushing 
stress of the cubes at 28 days as detcr- 
mined above. 

If stronger steel is used, the allow- 
able tensile stress may be taken at one- 
half the stress at the yield point of the 
steel, but in no case should it exceed 
20,000 Ib. per sq. in. 


BEAMS WITH SINGLE REINFORCEMENT. 


Beams with single reinforcement can 
be divided into three classes : 

(a) Beams of T form in which the 
neutral axis falls outside the slab. 

(6) Beams of T form in which the 
neutral axis falls within the slab. : 

(c) Rectangular beams. 

The equations found for (a) are 
general equations, from which the equa- 
tions for (b) and (c) may be deduced. 

In the calculation of all beams, the 
area upon which the ratio of tensile rein- 
forcement is taken is considered as a 
rectangle of breadth equal to the greatest 
breadth of the beam and of depth equal 
to the greatest effective depth of the 
beam. 

In designing beams where the rib is 
monolithic with a slab, the beam mav be 
considere! to be of T form. The slab 


----У ‹ С 2 


Fic. 2. 


* It is desirable that the reinforcing rods should be so designed that the adhesion is sutticient 


to resist the shear between the metal and concrete. 


splitting or bending the rod ends or otherwise to 
the rods in the concrete. 


C 


Precautions should in every case be taken by 


provide additional security against the sliding of 
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must first. be calculated and designed 
having its own reinforcing bars trans- 
verse to the rib. The whole of the slab 
cannot in general be considered to form 
part of the upper flange of the T beams. 
The width, 5, of the upper flange may be 
assumed to be not greater than one-third 
the span of the beams, or more than threc- 
fourths of the distance from centre to 
centre of the reinforcing ribs or more than 
fifteen times the thickness of slab. The 
width b of the rib should not be less than 
one-sixth of the width b, of the flange. 

(a) Beams of T section where the 
neutral axis falls outside the slab. 

In this case the small compression 
in the rib between the underside of the 
slab and the neutral axis may be neglected. 
In a homogeneous beam the stresses are 
proportional to the distances from the 
neutral axis. In a discrete beam, such 
as a beam of concrete and steel, on account 
of the greater rigidity of stecl, at a given 
distance from the neutral axis the stress 
in the steel will be m times as great as 
in concrete. 

Hence 


тс nd (0 n", 
t d(l—n,) l-n, 
п, 
m(1—n) 
The mean compressive stress in the 
flange is 


ы 
{ 


D cp e ds) =€ ?н — ds 
n » 2 n 


and the total compression is 
ba ee ds, 
2 n 
The area of reinforce ement A;=rbd 
and the total tension is 
trbd 
Equating total 
total tension 
Ээ, — 
156 . a 
2 n 
С 


compression and 


ds trod 


| 2rn, 
t (2n,—s,)s, 
Equating these two values for : 
H, _ 2rn, 


m(1—n,) ~ (2n, — $,)s, 


s, -F2mr 
` 2ls ‚+ т”) 
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The value of the lever arm is 


-4s 3n—2ds 
4 2n—d, 


=4 de (e ==, | 
2n,—s, 
The compressive resistance moment 


of the beam is 
(5, + 4mrs? —12mrs, + 12nr), 


6(s  2mr) 
The tensile resistance moment 15 


= pq. SF Hmrs/) —12mrs, +12mr) 
6m(2—s » 
To obtain stresses in the concrete 


and steel equal to c and ¢ respectively, 
r must have a value 


Re =cbdds 


2mcs,— mes, ts 
2mt 
When y exceeds the value given by this 
cquation, the equation to №. must be 
used in determining the moment of 
resistance. When © is less than the above 
value the equation to R, must be used. 
The following equation gives the 
value for 7, which causes the neutral 
axis to be at the underside of the slab : 


s, 
2mil—s,) 

(b) When the neutral axis falls within 
the slab, or is at the bottom edge of the 
slab, the equations for values of л, Кү, 
and R, can be е and become 


n,—7 v (mr + 2mr)— mr. 


R= Cod "C$ 
E 3 


Rr=trbd*(1— m). 
3 


To obtain stresses in the concrete 
and steel equal to c and / respectively 


mc 
timet 0. 


(c) For rectangular beams, not of 
T form, the equations given for T beams 
under (5) applv. 

The ratio of reinforcement may be 
taken on anv other suitable sectional 
area if the formula are modified in accord- 
ance. 


Slabs Supported or Fixed on More 
than Two Sides. 


r must equal 


It does not appear that there is 
either a satisfactory theory or trust- 
worthy experiments from which the 


strength of rectangular slabs supported 
or fixed on all four edges can be deter- 
mined. [Appendices to the report give a 
statement of some rules which have been 
used in determining the strength of 51абѕ.] 


SHEAR REINFORCEMENT. 


It is always desirable to provide 
reinforcement to resist the shearing and 
diagonal tension stresses in reinforced 
concrete beams. The diagonal tension 
stresses depend on the vertical and 
horizontal shear, and also on the longi- 
tudinal tension at the point considered. 
As the longitudinal tension in the con- 
crete at any given point is very uncertain, 
the amount and direction of the diagonal 
tension cannot be exactly determined. 

It is the general practice to determine 
the necessary reinforcement by taking the 
vertical and horizontal shearing only into 
consideration. 

The following equations may be 
used to determine the necessary resist- 
ance to shearing. 

When 5, the total shear in lb. at a 
vertical section, does not exceed 60ba, no 
shear reinforcement is required.* 

When S excceds боба, vertical shear 
members may be provided to take the 
excess and proportioned by the following 
rule : 


As 5:4. S. орн 
b 
Or 
A, (8 —6060) p. 
а Ss 


where s, is the unit resistance of the steel 
to shearing, and f is the pitch, or distance 
apart of the vertical shear members or 
groups of shear members, of area A,. { 

In the case of T beams, b, should be 
substituted for b. 

In important cases, when extra 
security is required, the resistance of the 
concrete to shear, represented by боа, 
should be disregarded. 

When the shear members are in- 
clined at an angle of about 45° to the 
horizontal, the area A, may be decreased 
in the proportion of ESO 
4 2 

These equations, though based on 
somewhat uncertain assumptions, give 
E results. But experience shows 
that : 
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(a) In general, floor slabs require no 
special reinforcement against shearing, 
and that the bending up of alternate bars 
near the end is sufficient. 

(b) In beams, especially in T beams, 
shearing reinforcement should be pro- 
vided at distances apart not exceeding the 
depth of the beam. 

(c) It is desirable to bend up one or 
more of the bars of the tension reinforce- 
ment near the supports. When bent at 
an angle of about 45? the effect of this 
may be taken into account in the manner 
set out above ; when bent at a small angle 
to the horizontal the effect 1s very in- 
determinate. 

(d) As the resistance of the shear 
members to the pull depends on the 
adhesion, and the anchorage at the ends, 
it is desirable to use bars of small dia- 
mcter, and to anchor the stirrups at both 
their ends. In all cases the stirrups 
must be taken well bevond the centre of 
compression. 


PILLARS AND PIECES UNDER 
DIRECT THRUST. 
DEFINITIONS. 

The length is to be measured be- 
tween lateral supports (neglecting ordin- 
ary bracketing). 

alhe effective diameter of a pillar 
means the least width and should be 
measured to the outside of the outermost 
vertical reinforcement. 

The effective area of a pillar means 
the area contained by the outermost 
lateral reinforcement, and should be 
measured to the outside of the outermost 
vertical reinforcement. 


LOADING AND LENGTH OF PILLARS. 

If the load is strictly axial the stress 
is uniform on all cross-sections. 

Lateral bending of the pillar as a 
whole is not to be feared, provided : 

(a) That the ratio of length to least 
outside diameter does not exceed 18. 

(6) That the stress on the concrete 
does not exceed the permissible working 
stress for the given pillar. 

(c) That the load be central. 

(d) That the pillar be laterally sup- 
ported at the top and base. 


CONSTRUCTION. 
Lateral reinforcement properly dis- 
posed raises the ultimate strength and 
increases the security against sudden 


* The value of Sp is shown in the appendix to be ms 
a 


By. 
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failure, by preventing the lateral expan- 
sion of the concrete and the sudden 
disruption of the pillar. 

Practical considerations lead to the 
addition of longitudinal bars, and the 
formation of an enveloping network of 
steel. 

The total cross-sectional area of the 
vertical reinforcement should never. be 
less than 0:8 per cent. of the area of the 
hooped core. 

There should be at least six vertical 
bars when curvilinear laterals are used, 
and four for square pillars having recti- 
linear laterals. 

In the case of rectangular pillars in 
which the ratio between the greater and 
the lesser width (measured to the outside 
of the vertical bars) exceeds one and a 
half, the cross-section of the pillars should 
be subdivided by cross-ties; апа the 
number of vertical bars should be such 
that the distance between the vertical 
bars along the longer side of the rectangle 
should not exceed the distance between 
the bars along the shorter side of the 
rectangle. 

The most efficient disposition of the 
lateral reinforcement would appear to be 
in the form of a cylindrical helix, the 
pitch or distance between the coils being 
small enough to resist the lateral expan- 
sion of the concrete. 

Jointed circular hoops as ordinarily 
made are apparently not quite so efficient. 

Rectilinear ties are still less adapted 
to resist the lateral or radial expansion of 
a highly stressed core. 

The volume of curvilinear laterals 
should never be less than 0:5 per cent. of 
the volume of hooped core. 

The diameter of rectilinear laterals 
should not be less than three-sixteenth of 
an inch. 

STRENGTH. 

The amount of the increase of 
strength in hooped pillars depends upon : 

1. The /orm of hooping (whether 
curvilinear or rectilinear, etc.). 

2. The spacing or distance between 
the hoops. 

3. The quantity of hooping relative 
to the quantity of concrete in the core of 
the pillar. 

4. The quality of the concrete. 

Consequently the increase of strength 
may be shown to be equal to the product 
of the four factors (u.f.s.r). 
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u=the ultimate compressive stress on 
concrete not hooped (per unit of 
area). 

{=a form factor or constant which will 
vary according to whether the 
hooping is curvilinear or recti- 
linear, etc. 

s=Spacing factor or constant which 
will vary with the pitch of the 
laterals. 
Уһ= Volume of hooped reinforcement in 
cubic inches. 

V= Volume of hooped core in cubic 
inches. 

y=V,/V=the ratio of volumes—.e., 
the ratio of the volume of helical 
or horizontal reinforcement to the 
volume of hooped core. 


The ultimate compressive stress on 
concrete not hooped being=u, and the 
increase of strength due to hooping being 

u.f.s.¥, 


the total resistance of the hooped material 
per unit of area will then be 


=u+u.f.s.7 
=u[1-+f.s.r]. 
Let ¢,=the working compressive 
stress on a prism of concrete (not 


hooped) = W,.u 
W, =the working factor=cy, и, 
Then the safe compressive stress on 
the hooped core=c, where 
c=W,u[1+f.s.r] 
=¢,[1-+/.s.7]. 
The values of f, s and their product 


may be obtained from the following 
table : 
Spacing 
Form of of Laterals ‘ 
Lateral got in Terms of, eee Value of 
Reinforce- ES Diameter = 6 LA 
ment. Ex of Hooped : 
Core. 
Helical . 1 0'2d L 2 
> х 1 s 24 
1 16 
Circulat 
Hoops . 075 24 
ii . 075 18 
075 12 
Rectilinear 0'5 0'2d 16 
2 0°5 0'3d 2 12 
E 05 0'4d j 8 
6 05 0 5d ' 4 
” 0 9 0'6d 0 
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Let p=the pitch of the laterals in 
inches (7.e., the axial spacing 
of the laterals]. 

d=the effective diameter of the 
hooped core in inches. 


The spacing factor should not be 
taken at more than 32, even if p is less 
than -2d, but intermediate values of the 
spacing factor тау be obtained from the 
equation 

— 48 — 80? 
$— 48 -- 80 1 

It will be secn from the above table 
that the advantage of hooping disappears 
with an increase in the spacing of the 
laterals, irrespective of the volume of 
hooping or the value of r. 

Before the safe stress on the hooped 
core can be obtained it will be necessary 
to give values їо W, and ,. A table for 
this purpose will be found below. 

The value of the working compres- 
sive stress on the concrete of the hooped 
core having been obtained, the maximum 
permissible pressure or load may Ье 
obtained from the equation 

Р=с[А + (m —1)AÀ,], where 
А = һе effective area of the pillar. 


E, ; 
m= S = modular ratio. 

“Cc 
A= Area of vertical reinforcement. 
P=total safe pressure on pillar. 


WORKING STRESSES. 

A safety factor of 4 at 90 days is 
recommended for all pillars. 

The following table of working 
stresses is suitable if good materials are 
used, and is based on the assumption that 
test cubes have at least the strength given 
at the periods stated : 


Table Showing the Value of u and c, 
for Pillars. 


| | | 


Value of 
| Pounds of | Cp at 90 
Propor- | Cement to V | days і 
: alue of | Value of ays in 
tions of 13% cu. ft of wat нас pounds рег 
Concrete Sand and i28 days in90 days in. Sq. in. 
мена E | of | pounds | pounds | (Safety 
y Ins sq. i in. factorz4) 
Volume. Broken [per ene وش‎ Us (Working 
Stones. | | factor= 
1:2 :4! 610 1,800 | 2,400 600 
1: 1$:3 810 2,100 2,800 700 
E M c. 1.220 2,700 3,000 900 


EE ы с=с OQÓ——— Áo ————Ó—M— 
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It is assumed that the tests of the 
strength of the concrete are made on 
unrammed cubes and of the same con- 
sistency as the concrete used on the 
work.* 


LIMITATIONS OF STRESS ON PILLARS. 

The following limits of stress should 
be observed in pillars : 

(a) The stress on the metal reinforce- 
ment (7.e., the value of m.c) should not 
exceed o:5 of the yield point of the metal ; 

(b Whatever the percentage of 
lateral reinforcement the working stress 
on the concrete of pillars should not 
exceed (0:34 +0°32 f) u where 


{= form factor. 
u=ultimate crushing resistance of the 


concrcte. 
Form Value of 
Form of Laterals Factor (0°34 +0°32/) и 
Rectilinear ... ... 0'5 0:5 u 
Independent Circular 
Hoops . 0:75 0:58 4 
Helical . 1:00 0:66 u 


If these limits are adopted, the work- 
ing stress on hooped concrete will alwavs 
fall within the ''limit of continued 
endurance "' for plain concrete. 


PILLARS ECCENTRICALLY LOADED. 


If a pillar initially straight is loaded 
eccentrically, as when a beam rests on a 
bracket attached to the pillar, it may be 
regarded as fixed at thc base and free at 
the loaded end. Then it must bend in 
the plane passing through the load, the 
deflection at the top being d,. Let e be 
the eccentricity of the load measured from 
the centre of the pillar when straight. 
Then the bending moment at the base of 
the pillar is W(d,,+e). But it is known 
that 4, will be small compared with e, 
provided that W is small compared with 
2EI/P, and this will be the case in such 
conditions as are likely to occur in 
designing concrete pillars. Then the 
bending moment may be taken as We, 
and the extreme “fibre” stress at the 
edge of the base of the pillar, treating it 
as homogeneous, will be 


Lue UT E 
JEW] ATS, 


very nearlv, where A is the whole section 


of the pillar and S,, the section modulus 


* The limit of 2,400 lb. per sq. in. given iu the previous report of the Committee was adopted 
on the assumption that the cubes would be rammed with iron rammers under laboratory conditions. 
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relatively to an axis through the centre 
of gravity and at right angles to the plane 
of bending. 

In dealing with reinforced pillars 
which are not homogeneous, it is con- 
venient to substitute for the actual section 
of the pillar what may be termed the 
equivalent section, or section of concrete 
equivalent in resistance to the actual 
pillar. If A is the effective area of 
section of the pillar (including the arca 
of reinforcement), and A, is 
the area of vertical rein- 
forcement, then the equiva. 
lent section is 


A,7 Ad (m —1)A,. 


If d isthe depth of the 
section in the plane of 
bending, the Inertia mo. 
ment relatively to the 
neutral axis can be ex. 
pressed in the form 

l=nAd’, 
and the section modulus in 
the form S,,=2nAd. (See 
Appendix V. of the report) 

It is desirable in 
pillars that there should 
be no tension, and gener. 
ally when the vertical load 
is considerable there is 
none. Cases in which the 
eccentricity is so great 
that there is tension must 
be treated by the methods 
applicable to beams if it 1s 
made a condition that the 
|. Steel carries all the tension. 

In the following cases it is 
assumed that there is no 
tension. 

Case I.— Pillar of 
Circular Section, Reinforcements Sym. 
metrical and Equidtstant from the Neutral 
Axis,— Let m be the modular ratio 
=Es E, A the effective cross-section of 
the column in square inches, A, the 
атса of vertical reinforcement in square 
inches, d the diameter of the pillar, d, the 
distance between the vertical reinforcing 
bars perpendicular to the neutral axis. 
Then the equivalent section is 

A,7 Ad (m —1)A,, 
and the section modulus is (Appendix V. 
of the report) 


? 
Sm = AAd+ 1(m— ПА, š 
€ 
The stress at the edges of the section 
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can then be calculated by the general 
equation 
sw asl 

= М ТАЁ, 
where е is the eccentricity of the load in 
inches and W the weight or load in lb, 
The greater value of stress must not 
exceed the safe stress stated above. 

Case II.— Rectangular Section with 
Reinforcement Symmetrical and Equi- 
distant from the Neutral Axis.—Using the 
same notation as in the last case, d being 
now the depth of the section in the plane 
of bending, the section modulus is 
(Appendix V. of the report) 


d 3 
Sn = 4Ad+ 1 (n1 ES DA ^ 


and the stresses are given by the same 
equation as in the previous case. @& 

Case III.—Column of Circular Sec- 
Hon with Reinforcing Bars Arranged in a 
Circle.— Using the same notation as in 
Case I., ^, being the diameter of the circle 
of reinforcing bars, the section modulus 
is (Appendix V.) 


S, xm А4 T оп = DA PS ' 
and the stresses are given by the same 
equation as in Case I. 

(c) Long Pillars Axiallv Loaded. 

For pillars more than 18 diameters in 
length there is risk of lateral buckling of 
the pillar as a whole. The strength of 
such pillars would be best calculated bv 
Gordon's formula, but there are no ex- 
periments on long pillars by which to 
test the values of the ccnstants for a 
concrete or concrete and steel pillar. 
There docs not seem, however, to be any 
probability of scrious error if the total 
load is reduced in a proportion inferred 
from Gordon's formula to allow for the 
risk of buckling. 

Let, as before, A=the area of the 
column in inches ; A, = ће area of vertical 
reinforcement. Then A, —AJ4- (m — I)A, 
is the equivalent section. Let N be the 
numerical constant in the equation, 
I—NAd'! (Appendix V.), and d the least 
diameter of the pillar. 

Then for a pillar fixed in direction 
at both ends Gordon's formula is 

W 1 1 


p 4 1 t Cs 


so that the pillar will carry less than a 
short column of the same dimensions n 


CEE 


the ratio of 1 +С, to I, or, in other words, 
the column will be safe if calculated as a 
short column, not for the actual weight 
or pressure P, but for a weight or pressure 
== (1+C,)W. 

The constant C, has not been deter- 
mined experimentally for reinforced long 
columns. But its probable value is 


3 ~ 
= 4r Ec 
li 


Cı 


where u is the ultimate crushing stress. 
Putting E,—2,000,000 and u=2,500, 
then C,—32.000. Looking at the well- 
understood uncertainty of the rules for 
long columns, very exact calculation is 
useless. Some values of N for ordinary 
types of column are given in Appendix V. 
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Taking these values, the following are the 
values of 1 +C, : 


VALUES OF 14 C. 


Case I. Case II. Case III. 
К N=0°098 N=0075 N-—070646 
20 1:13 117 119 
25 1°20 1°26 1°30 
30 1°29 1°38 1°44 


The differences of 1+C, for con- 
siderable differences of N are not very 
great. Inany case N can be found by the 
method inthe Appendix with little trouble. 

In the case of columns fixed at one 
end and rounded or unfixed at the other, 
2C, must be substituted for C,. If the 
column is rounded at both ends, 4C, 
must be substituted for C. 


KEY TO THE NOTATION. 


The notation is built up on the principle of an index. 
The significant words in any term are abbreviated down to their initial 


letter, and there are no exceptions. 
Capital letters indicate moments, 
ratios, and constants, etc. 


areas, volumes, total forces, total loads, 


Small letters indicate intensity of forces, intensity of loads, and intensity of 
stresses, lineal dimensions (lengths, distances, etc.), ratios, and constants, etc. 
Dashed letters indicate ratios, such as a, c, m, etc., where the a, c, and n 


indicate the numerators in the respective ratios. 


The dash itself is mnemonic and 


is an abbreviation of that longer dash which indicates division or ratio. 
Subscript letters are only used where one letter is insufficient ; and the subscript 
letters themselves are the initial or distinctive letters of the qualifving words. 


Greek lctters indicate ratios and constants. 
are subject to the “ initial letter ’’ principle. 


They are sparingly used and 


The symbols below arc arranged in alphabetical order for facility of reference. 


Standard Notation. 


IN PILLARS. 


A=the effective area of the 
pilar (see definition on 
page 15). 

A, = Area equivalent to some given 
area or area of an equivalent 
section or equivalent area. 

A,=cross-sectional area of a 
vertical or diagonal shear 
member, or group of shear 
members, in the length p, 
where p= pitch of stirrups. 

A;=Area of tensile reinforce- 
ment (in square inches). 

A,=Area of vertical or longi- 
tudinal reinforcement in 
square inches. 

a — arm of the resisting moment 
or lever arm (in inches). 

a,—arm ratio—a d -. a,d—a. 

B —Bending moment of the 


external loads and reactions 
(in pound inches). 
B, В, = Bending moments at conse- 
cutive cross-sections. 
Generally b= breadth. 


IN ТЕЕ BEAMS. 
b=breadth of flange of beam 
(in inches). 
b, — breadth of rib of T beam (in 
inches). 
C, C, C, —a series of constants. 


IN BEAMS. 


c—compressive stress on the 
compressed edge of the con- 
crete (in lb. per sq. in.). 


IN PILLARS. 


c— working compressive stress 
on the concrete of the 
hooped core. 
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Cp=the working compressive 
stress on a prism of con- 
crete (not hooped) or the 
working compressive stress 
of plain concrete. 


Си compressive stress on con- 
crete at the underside of the 
slab (in tee beams). 

c, —c[t =the ratio of c to f. 


IN CIRCULAR SECTIONS 
Generally d — diameter. 


IN RECTANGULAR SECTIONS.) 
Generally d= depth. 


IN PILLARS. 


d=the diameter of the hooped 
core in inches. 


IN BEAMS. 


d—effective depth of the beam 
(in inches). 

d.—depth or distance of the 
centre of compression from 
the compressed edge. 

d,, = deflection. 

d,—total depth of the slab (in 
inches). 


IN PILLARs. 


= distance between the centres 
of vertical bars measured 
perpendicular to the neutral 
axis. 

E, — Flastic modulus of concrete 
(in 1b. per sq. in.). 

Е, Elastic modulus of steel (in 
Ib. per sq. in.). 

e = eccentricity of the load mea- 

surcd from the centre of the 
pillar (in inches). 


IN BEAMs. 
f=extreme fibre stress—i e. ; 
Stress at the extreme 


"fibre" of any member 
under transverse load. 


IN PILLARS. 


f=a form factor or constant 
which will vary according 
to whether the hooping is 
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curvilinear or rectilinear, 
etc. 

I=Inertia moment of a mem- 
ber. 

I, — Inertia moment of concrete 
only. 

I,—Inertia moment of steel 
only. 


Ix, = [Inertia moment on axis 
xx when necessary. 

Iy,= Inertia moment on axis 
YY when necessary. 

[= length of a pillar or effective 
length of span of beam or 
slab. 

т = modular ratio — E, E.. 
N —a numerical coefficient. 


n= neutral axis depth—z.e., 
depth of neutral axis 
from the extreme com- 


pressed edge (in inches). 

n,=n/d=the neutral axis ratio 
<. nd=n. 

N,N,N, =a series of numerical 
co-efficients. 

P —total safe pressure. 


IN PILLARS. 


p-the pitch of the laterals 
in inches (т.е, the axial 
spacing of the laterals). 


IN SHEAR FORMULA. 


CONCRETE) 


IN PILLARS. 


7 — У [У =the ratio of volumes 
—1.e., the ratio of the vol- 
ume of helical or horizontol 
reinforcement to the volume 
of hooped core. 


IN BEAmMs. 


S=the total shear in lb. at a 
vertical section. 


S,, =the section modulus. 


IN PILLARS. 


s= Spacing factor or constant 
which will varv with the 
pitch of the laterals. 


IN BEAMS. 


s=intensity of the shearing 
stress on concrete in lb. per 
Sq. in. 

Ss = shearing stress on the steel 
(in units of force per unit 
of area). 

$,—d,[d —the slab depth ratio. 

T=Total tension in the steel 
(in 1b.). 


T,T,=Total tensile forces at 


consecutive cross-sections. 
t=tenstle stress on the steel 
(in lb. per sq. in.). 


p=pitch of distance apart U=Total ultimate breaking load 


(centre to centre) of the 
shear members or groups of 
shear members (measured 
horizontally). 

7 — peripheral ratio or the ratio 
of the circumference of a 
circle to its diameter. 

К, = Compressive Resistance mo- 
ment = Resistance moment 
of the beam in terms of the 


on any member. [Compare 
W = Working load.] 

u=intensity of ultimate crush- 
ing resistance of plain con- 
crete per unit of area or 
ultimate compressive stress 
on prisms of concrete not 
hooped. 


IN PiLLARs. 


compressive stress (in Ib. in. V= Volume of hooped core in 


units). 

R,—Tensüe —— Resistance 
ment or Resistance moment 
in terms of 
Stress (in ]b. in.). 


IN BEAMS. 


r= А bd —ratío of area of ten- 
sile reinforcement t5 
the arca bd. 


cu. In. 


mo. V, = Volume of hooping reinforce- 


ment in cu. in. 


the tensile W=total working load or weight 


on any member. 

W, —the working factor —c, u= 
the reciprocal of the safety 
factor. 

w-=weight or load per unit of 
length of span. 
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KOBE HARBOUR 
IMPROVEMENTS. 


It is with great pleasure that we give adescription of the work in connection with 
the enlargement of Kobe Harbour and in particular of the reinforced concrete caissons for 
the foundations of the new quay walls.—ED. : 


КОВЕ is the second largest port in Japan, and is the most important 
shipping centre of the empire. In 1867 an Imperial Decree was issued ordering 
the port of Kobe to be opened to foreign trade, and in the following year the 
Eastern and. Western Custom Houses were opened, four landing-places and 
three warehouses being also constructed. This was the origin of the accommo- 
dation for foreign trade in Kobe. Since that time additional landing-places, 
warehouses and sheds have been constructed year after year. In 1905 it was 
decided to construct two piers, to be completed within six years. These works, 
however, belonged to a temporary plan, and, seeing that they were inadequate to 
meet the requirements 
of the rapidly-increasing 
trade of the port, the 
scheme was modified ; 
it being decided to 
reclaim the sea - front 
and fulfil the accommo- 
dations on shore, com- 
pleting the whole in ten 
years, commencing with 
the year 1907. 

A sea- wall and 
quays are to be con- 
structed, and foreshore- 
walls and landing-stages 
will be provided. The 
total area of _the re- 
claimed ground will 
cover about 2,880,000 
sq. ft. A lineof break. 
waters, 3,792 ft. long, 
forming a portion of 
the proposed break. 
water for Kobe Harbour, 


Fig. 1. 
KOBE HARBOUR IMPROVEMENTS. 
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will be constructed to protect the new accommodation. It will consist of 
rubble mound and concrete superstructure, 21 ft. in width, and ro ft. above 
low-water level. 
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There are to be four piers, which, when completed, will give 8,412 ft. for 
loading purposes. They will be capable of accommodating nineteen steamers, 
representing a total tonnage of about 134,000 tons. 
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Аз the bottom of the harbour at Kobe has a stratum of soft mud to a depth 
of about 6 ft., great difficulties were anticipated in building the foundations 
of the new quay walls. 

Reinforced concrete caissons are being adopted for the construction of these 
walls. The caissons are built on shore, and each one, on completion, is towed 
out by means of a floating depositing dock. Before depositing the caissons 
the nature of the soil at the bottom was tested to see whether it would bear the 
weight of the caisson at a proper depth. It was found that if about 6 ft. to 8 ft. 
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Fig. 3. Elevation and Plan of Caisson Building Site. 
Korg HARBOUR IMPROVEMENTS. 


of the surface soil were removed, the bed would be sufficiently strong to support 
the weight of the caisson and its superstructure. It was, therefore, decided to 
replace the surface soil by coarse sand. 

Each caisson building site is composed of seven rows of piles placed at 
I5 ft. centres, with their tops just above high-water level, and concrete end walls. 
The caissons are built on staging erected on top of these piles and on the concrete 
end walls. When ready the caissons are floated by means of a depositing dock, 
which was built by the Kawasaki Dockyard Co., Kobe, from the design of Messrs. 
Clark & Standfield, of Westminster. 
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This depositing dock is 145 ft. in length, I 


and in the centre there is a side wall ro ft. wide. 


\ 


37 ft. wide, and 51 ft. high, 


At the lower side of this wall 


Reinforced Concrete Caisson on the Depositing Dock. 


9, 


Fig. 
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KOBE 


eight pontoons are 
attached in the same 
manner as are the 
teeth of a comb. 
These pontoons are 
pushed into the 
spaces between 
piers to receive the 
calssons. 

The caissons 
vary in size according 
to the depth of the 
quay, but the size 
mostly used is 119 ft. 
long, 35 ft. 6in. high, 
and 23 ft. wide at 
the top and 34 ft. at 
the bottom. They 
are of cellular form, 
and of the shape 
shown in Ёш. 2. 
They are built in 
wooden moulds, and 
are constructed of 
reinforced concrete, 
iron rods being used 
for the reinforcement. 
They vary in weight 
from 1,000 tons to 
2,400tons. They are 
divided by concrete 
walls so as to contain 
twenty cells, extend. 
ing from the open 
top to within 2 ft. of 
the solid bottom. 
Both inside and 
outside walls of the 
caissons have a slope 
of 1/20, but the two 
endsare vertical. The 


thickness of side walls ranges from I ft. бш. to 8 in., while at the centre the 
longitudinal partition wall will be 9 ın. in thickness. 

Guide piles are placed so that each caisson drops into its proper position, 
and sufficient concrete ballast is then inserted to cause the caisson to sink. 
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When in position the caisson-top stands 1 ft. 6 in. above low water. When 
each caisson is deposited the four sections are closed immediately, and made 


Reinforcement for Bottom of Caisson. 
KoBE HARBOUR IMPROVEMENTS. 


watertight by athixing specially-made steel caps. These steel caps are furnished 
with two shafts of large diameter, and of a depth to raise the tops well above 
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high water. The cells are pumped out, and are then filled with concrete and 
sand through the cylinder at the top of the cap. When the twenty sections 
are filled in turn, the main body of the caisson is completed, and forms the 
substructure of the quay walls. 

The total number of caissons required will be eighty, of which fourteen have 
already been deposited. Very careful observation has been made to note the 
settlement of the deposited caissons, and up to the present the maximum is not 
more than 2 in. 

The chief engineer of the Kobe Harbour Works is Mr. K. Yoshimata ; and we 
are indebted to him and to Mr. K. Monigaki, chief section engineer, for our photo- 
graphs and particulars. 


Caisson sunk into position. 


KoBE HARBOUR IMPROVEMENTS. 
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RECENT BRITISH PATENTS. 


RECENT BRITISH PATENTS 
RELATING TO CONCRETE, 


We propose to present at intervals particulars of British Patents issued in connection 
with concrete and reinforced concrete. These particulars have been prepared for this 
Journal by Mr. A. W. Farnsworth, of Strand Chambers, Derby.—ED. 


The Construction of Reinforced Concrete Floors.— No. 13,788/10. J. E. Conzel- 
man. Accepted January 28/11.—This is another of the numerous attempts to reduce 
the cost of centering by the use of beams 
and slabs, which are placed in position 
ready made. The invention deals with 
a method of binding the slabs and beams 
together so that when completed the 
floor should be a monolithic whole. The 
beams are furnished with continuous 
brackets, (3) projecting along the sides to 
receive the flanges, (5) formed on the 
supported edges of the slabs. The tops 
of the beams are below the level of the 
upper faces of the slabs, but the space 
thus left, (6) is filled in with concrete on 
completion. Along the edges of the 
slabs at the joints are grooves, (7) and (8) 
which correspond in all cases. The 
slabs are laid in position with a slight 
space between them, (9) which is closed 
underneath by centering. Steel rods 
are placed in the grooves, and the upper 
ones pass over the beams, 13, thus giving continuity. Neat cement poured into the 
crack between the slabs holds the steel rods and forms a key. 

Another Floor System —No. 26,552/10. F. Rings. Accepted June 8/11.— 
This is another addition to the many designs of reinforced concrete floors already 
introduced. The floor is formed of small beams which can be made where most con- 

| venient, and after- 
LL S wards transported 


i б, 

8: ЖАШ il to the building. 
А 222 The beams are of 
channel section, 
and stcel reinforce. 
ment can, of course, 
be incorporated in 
them as considered 
necesary. The 
leading feature of 
the arrangement is 
the use of a double 
series of the beams 
to form a floor; 
one set is laid un- 
derneath with the 
flanges | upwards, 
and another row 
rests on these with the flanges downwards. Projecting ribs along the sides ot 
the lower beams serve to keep them slightlv apart, thus forming pockets which can 
be afterwards grouted. The completed floor may be supported on walls or ordinary 
reinforced concrete beams, and with slight variation it can also be adapted to rest on 
steel girders. It is pointed out that the system is not limited to floors, but may be 
adopted in the construction of reinforced concrete walls. 
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An Improvement in Mould Boxes. — No. 
848/10. J. Faulder Burn. Accepted October 6/10.— 
The object of the invention is to provide a practical 
means of dividing large moulding boxes used in 
the manufacture of concrete blocks, so that they 
may be utilised for turning out two or more smaller 
blocks. The arrangement refers more particu- 
larly to boxes with hinged sides and ends. The 
longitudinal division plate, 7, may rest on the 
bottom of the box, or it may pass through it and 
rest on the bed plate of the moulding machine, k. 
Transverse divisions may be formed by other 
plates placed where desired, and at the points of 
intersection of the plates each is partly notched 
to receive the other. The ends of the plates may 
project in the form of lugs, e, through the sides 
of the box for convenience in lifting. When the 
divisions are not required the slots in the mould are closed by filling pieces. 


Another System of Construction.—No. 13,7;86/10. 
J. E. Conzelman. Accepted Mav 4/11.—The principal fea- 
ture of the invention consists in the abolition of separate 
secondary beams and the substitution of ribs actually 
formed on the slabs themselves, as shown in Fig. 2. At 
the joint between two slabs the ribs are so arranged that a 
projection, 5, on one slab restsin a corresponding shoulder fJ mip |S 
in the next. The arrangement thus adopted permits the fn A(z «Wy 7 RM 
slabs to be laid close together without leaving any inter- 
vening spaces. Full particulars of the reinforcement 
details are supplied in the specification, but the other point 
of interest consists in the manner in which the column ,' 


bases are dealt with. Reference to Fig. 1 will show that DE 
4L 


where these occur part of the 
upper slab projections are cut 
away, resulting in a cruciform 
recess (14). With a suitable dis- 
position of the steelwork the 
column is built up in the centre 
of the recess, which is afterwards 
filled in with concrete. 


» 

Large Span Roofs in Reinforced Concrete.—No. 6,789/10. 5. Rechniewskti. 
Accepted March 16/11.—In the specification the inventor describes a system of 
construction for wide-span roofs. The roof 
is formed in reinforced concrete, and sup- 
ported at intervals by main beams of the 
same material which project above the 
roof and, consequently, do not affect the 
internal height of the building. The 
appearance of the beams in side elevation 
is somewhat similar to the well-known 
bow-string girder, but at the bottom they 
are open, and the sides slope inwards 
towards the top as shown in fig. 3. A 


g 3 mm аш > FAN Сї : series of diaphragms between the two sides, 
fg д 1 | | s, resist any tendency to buckling, It is 
| mu | | | explained that glazing may be inserted in 

B e 


the sides of beams, thus providing roof- 
lantern lights or ventilation if desired. 
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quickly. 


A New Device for Fixing Battens to Con- 
crete.—No. 16,460/10. Wright, Walmslev, and 
Belleau. Accepted December 8 то. — Тһе invention 
relates to an improved method of fixing battens 
between wood floors and concrete. Contrary 
to the usual practice, the battens are not fixed 
into the concrete, but are held in position by a 
series of metal clips, which form the feature of 
the invention. From Fig. 1 it will be seen that 
metal strips are placed in the concrete a short 
distance below its upper surface. The strips 
are cut so that each contains a series of tongues 
which correspond to the spacing of the battens. 
The tongues are bent upwards to receive the 
battens (Fig. 1), and then closed down on to 
them (Fig. 2). It 15 claimed that the invention 
avoids the difficulties encountered when the 
battens are held in position by the concrete, 


CONCRETE; 


03 ii The Economical Construction of Con- 
ii^ crete Piles and Posts. —No. 4,338/10. 

4 Case. Accepted February 2/11.—In this instance 
o. ANNA. ol the inventor deals more particularly with the 
a manufacture of concrete posts or piles which 
may be required to be made cheaply and 
In lieu of the usual metal reinforce- 
ment the use of a timber framing is suggested. 
A claim is also made for the combined use of 
wood and metal as shown in Figs. 1 and 2, 
where it will be seen that the wooden posts are 
held together by metallic bands, b. 
stated that it is found necessary to paint or 
treat wood with an appropriate preservative 
prior to embedding it in the concrete. 


G.. О, 


It is 


and that the risk of loosening, due to shrinkage of the timber, is considerably reduced. 


Another System of Reinforcement. — No. 


F. D. Huntingdon. 


Accepted January 12/11.— Several new suggestions are embodied in the inventor's 


column caps. 
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description of his system. 
up on any approved method, and furnished with 
caps to receive the main beams. 
of a rolled steel joist core, b, whose ends rest on the 
is encased in concrete 
saddle blocks, g, which, where necessary, are formed 
as skewbacks and keys. 
faces of the blocks at the joints permit the insertion 
of steel shear members which pass through openings 
made in the web of the joist. 
allowed between the blocks are afterwards grouted. 
attachment to the column are 


A The details of the 
"77 The floor slabs, which 


given in the specification. 
may afterwards be laid separately, are indicated at s. 


The columns are built 


The beams consist 


Grooves cut along the 


The spaces thus 
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Reinforcement for Concrete Paving.— No. 21,316/10. 7 . H. McDonald. A ccepted 
December 22/10.—This is an improved system of interlocking steel bands intended 
j i to reinforce concrete paving. The inventor's 

aim has been to provide a satisfactory steel 
skeleton at a low cost. The framework con- 
sists of perforated metal strips intersecting at 
right angles, and slotted at the points of inter- 
section so that they are securely interlocked 
and lie at the same level. Ample perforations, 
3, permit the passage of the concrete during 
construction, thus ensuring thorough con- 
tinuity. It is pointed out that the lower 
portions of the strips, 6, act as tension members 
and transmit the stresses to the vertical struts, 
7 7 5, which in turn rest on a suitable foundation. 
Adjustable Centering.—No. 1,410/11. J. T. McNay. Accepted June 1/11.— 
This is another of the attempts to reduce the cost of using new centering on each 


structure. In addition to the 
question of expense, time also 
becomes a factor for consider- 
ation when new falsework has: 
to be constantly erected to 
suit various requirements. It 
is to deal with these objec- 
tions that the inventor has 
introduced the adjustable 
centering shown in the illus- 
tration. It will be seen that 
the idea is to use a tele- 
scopic supporting beam fur- 
nished at its ends with ad- 
justable steel clips which can 
be easily adapted to fasten 
on to the various supports. 
The beam consists of two 
outer portions, which can be 
erected at varying distances 
apart, and are furnished with 
steel straps on their inner 
ends. Fitting into a strap, 
and there secured by wedges, 
d, is a third timber which 
bridges the space between the 
outer ones, and completes the 
beam for supporting the shut- 
tering. In order that a level 
top surface may be available, 
the gap at the centre of the 
beam is filled in with a lock- 
ng piece, e. From Fig. 4 it 
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will be readily seen that the steel end fastenings can be easily adjusted to permit 
the formation of beams below the floor. 


A New Concrete Mixer.—No. 16,015/10. W. H. Baxter. Accepted May 18/11.— 
The inventor points out that in previous mixers the various materials are first mixed 
together dry and then wet, but no washing or damping of the aggregate alone can be 
-done except previously as a separate operation. Не has therefore designed a new 
machine where all the operations can be carried out together. The revolving portion 
of the new mixer consists of an inclined cylinder which may be supported and rotated 
by any convenient means ; in the illustration it is shown mounted on rollers and 


driven by gearing. On the inside of the cylinder walls winds a continuous metal 
blade forming an internal screw which carries the material in the cylinder forward 
in spite of the inclination. The aggregate is fed into the machine at the lower end by 
means of the chute, », and there meets the water entering the machine by the pipe, 
x : the effect is to wash the stone as it moves forward. The dirty water can be allowed 
to escape through openings provided for the purpose in the casing. At the opposite 
end of the cylinder is another chute, 2, which directs sand and cement into the machine 
by the internal tube, 3. These materials fall on to the washed stone, and the whole 
mass is then thoroughly mixed together during its passage to the large end of the 
cylinder. The process is at first dry, but as the material moves to 
wards the end, the necessary amount of water is supplied through 
another pipe, 5. А special type of outlet door is adopted, which, 
together with other details or modifications, is fully described in 
the specification. 


A New Reinforcement for Piles.— No. 22,618/10. E. Mohun. 
Accepted April 20/11.—The inventor has endeavoured to secure a 
more thorough distribution of the steel reinforcement than he con- 
siders possible when using the ordinary rods. He has therefore 
adopted light steel angle bars for the corner verticals of the skeleton, 
and these are wired to small cast-iron frames, 1o, at intervals of 
about 8 ft. The frames are rectangular, with two intersecting cross 
webs which meet at the centre in a small boss ; at this point a hole 
is made for the hydraulic jet pipe leading to the extremity of the 
shoe. The framework is then enclosed with expanded metal which 
is wired to it. The pile shoe is of sheet metal rigidly secured to the 
bottom cross frame. It is stated that the pile may be conveniently 
moulded horizontally, and the inventor also points out that a good 
outer layer of concrete is obtained which cannot easily break away 
from the steelwork. | | 
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REINFORCED CONCRETE RAIN- 
WATER CULVERTS IN THE RE- 
CONSTRUCTION of VALPARAISO. 
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By T. P. CLIFF, Northwich. 


The following account of the work of laying the retnforced concrete rainwater culverts 
in Valparaiso after the earthquake of 1906 is exceedingly interesting, and merits the attention 
of our readers.— ED. 


AFTER the town of Valparaiso had been destroyed by the earthquake of 1906 the 
Chilian Government decided to rebuild it according to modern conditions, and 
generally to replan it by making new and wider well-paved streets, with public under- 
ground conveniences and avenues planted with trees. This meant a great deal of 
work, and owing to the fact that there was no exact plan of the town the lines of 
the streets had to be defined as well as possible from the ruins. 

The work of reconstruction was a tremendous undertaking, and, on account of 
the widening of the old streets and the opening out of new streets and avenues, it 
was necessary to relay the whole of the services of the town—viz., sewerage, water, 
gas, electric cables, telephones, and tramways. The peculiar situation of Valparaiso, 
at the foot of the Andes mountains, demands an extensive system of culverts to take 
away the rainwater after a heavy fall. In previous years the bursting of culverts 
and overflows was quite common, and caused considerable damage in making the 
streets impassable, so it was decided to take advantage of the opportunity which 
now presented itself for revising the whole system. 

The rainwater culverts were considered the most important part of the works 
of reconstruction, and they were designed to take away to the sea the rainwater 
which accumulates from the mountains after a heavy rainfall, as well as the enormous 
quantities of sand, refuse, etc., etc., which formerly had been deposited in the valleys 
during the dry season. Consequently it was arranged to rebuild the culverts under 
the streets from the foot of the mountains to the sea, provision being made for a 
culvert in almost every street. 

The dimensions of the culverts were based on past experience, but all are of 
sufficient height and width to allow of a man entering with a barrow, and, although 
manholes for cleaning purposes were placed at every street corner, allowance was 
made for negligence in cleaning. 

The culvert with which this article deals is the largest of the system. It hasan 
overall inside width of 10-60 metres, and is 2 metres high, but it is divided by a 
division wall 1-40 metres high by o-60 metre thick, making two culverts 6 metres and 
4 metres wide respectively. Columns at 2:40 metres centre to centre are continued 
above the division wall to carry arched ribs, which support the cover, and thus it 
will be seen that the two culverts have communication with each other between the 
columns of the division wall. The smaller culvert is used as an auxiliary during 


cleaning operations, it being understood that only on very rare occasions will the 
water rise above the level of 1-40 metres. 
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The falls of the culverts were arranged as nearly as possible parallel with the 
street surfaces, but in one or two cases difficulties presented themselves which were 
overcome on the work. The main outlet has a fall of 5: 1,000, so that the culvert 
enters the sea at the level of average high water. 

The excavations were all done by small contracts arranged with separate gangs 
of men, and they were afterwards measured, levelled, and paid for by the cubic 
metre. The trenches averaged 13 metres wide and 3:50 metres deep, and the 
excavated material was carted away and used in the filling up of various streets to 
their new level, sufficient being left for the covering over of the new culvert. A 
part of the excavation was in sand, which was conserved and used in the construc- 
tion works. Further, a lot of old foundations were encountered, and much of the 
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General view without cover. 


REINFORCED CONCRETE RAINWATER CULVERTS IN THE RECONSTRUCTION OF VALPARAISO. 


stone from them was used for the new work, while the remainder was crushed for use 
in the concrete. Thus considerable economies were effected. 

When the working levels had been placed in the trenches wood templates curved 
to the inverts of the two culverts were centred, levelled, and fixed in position, and 
the reinforced concrete work was started. The outside walls were constructed by 
means of boxes made specially, with the required batter, to join at the columns, and 
the inside boxes were centred and supported by wooden horses. Throughout the 
base of the outside and centre walls a strip of No. 13, 6-in. diamond mesh expanded 
steel was used as reinforcement, and at every 2:40 metres four }-in. dia. bars were 
used vertically to reinforce the columns, their ends being splayed at 9o? to distribute 
Over a greater area the weight from the beams carrying the cover and roadway. The 
outside walls were reinforced with No. 10 3-in. diamond mesh expanded steel, placed 
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in the front face from centre to centre of the columns, the sheets being slightly bent 
at their ends to enter between the vertical bars into the heart of the columns. The 
outside walls are o:20 metre in thickness at the top and о-зо metre at the bottom, 
and the centre wall is 0-60 metre thick and 1:40 metres high, with columns 0°35 
metre by 0:50 metre, every 2:40 metres, centre to centre. 

The reinforced concrete cover was designed to carry a steam-roller of 20 tons, 
together with ordinary street traffic. It consisted of transverse concrete beams rein- 
forced with Kahn bars, the beams being placed 2:40 metres centre to centre ; longi- 
tudinal concrete arches, reinforced with plain round bars, spanning from beam to 
beam and on to the columns over the centre wall, to form openings for the water to 
pass from the larger to the smaller culvert ; and a concrete cover, reinforced with 
No. 62, 3-in. diamond mesh expanded steel. 

For the 6-metres culvert the beams are о-бо metre deep, including the cover, 
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View shewing expanded steel being embedded in concrete. 
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and o:33 metre wide ; in the 4-metres culvert the beams аге 0-50 metre deep, including 
the cover, and 0-30 metre wide, and the cover is 0-15 metre thick. 

In the concrete beams were placed three Kahn bars, giving an area of 8 sq. in. 
and 6 sq. in. respectively. The middle bar in each case was curved up at its ends 
to take shearing stresses, and all the wings of the bars were bent up at an angle of 
45°. The bars were fixed temporarily in position, and very fine concrete was poured 
and rammed over them until they were completely buried. After the beam boxes 
had been filled with concrete the cover slab was commenced. A continuous layer 
of No. 62, 3-in. diamond mesh expanded steel, as bottom reinforcement, was laid in 
position on the cover falsework, the sheets butting at their ends along the centre over 
the transverse beams. Then concrete 0-15 metre thick was laid, with a tension strip 
of expanded steel o-80 metre long, as top reinforcement, placed near the top of the 
concrete slab over the beams. Care was taken to get the expanded steel completely 
embedded about 1 in. from the bottom and top faces of the concrete, and thus а slab 
cover of continuous formation was obtained. 
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The manhole openings are reinfurced with plain round bars, the manhole covers 
were specially designed and are expanded steel-concrete slabs fitted in a cast-iron 
frame, and having keyway holes to allow of their being lifted in and out of position. 

The concrete was mixed principally by a portable Smith mixer, self-contained, 
1 cubic yard type. 

For the temporary centering Oregon pine was used, the timber being planed on 
the inside face for the beams, left rough for the cover, and chamfered at all angles to 
prevent sharp arrises on the concrete ; the falsework was made in framed pieces to allow 
of quickness in erection, and of its being used over and over again. The main centering 
was left in position for two weeks, and the bottoms of the beam boxes for three weeks. 

There were many difficulties encountered during the execution of the work and 
each had to be overcome with as little hindrance as possible—e.g., breakages of sewer 
pipes, water pipes, gas pipes, cutting of electric cables, etc. Particular trouble was 
experienced in constructing the culvert under the tram lines—this was accomplished 


View shewing divisional wall with columns, 
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by spanning the culvert with girders and supporting the tram lines with 12 in. by 
12 in. timbers and afterwards joining up the culvert, the traffic not being hindered for 
a minute. 

The most difficult and important part of the constructional work was the building 
of the culvert underneath the railway lines in the station yard, there being 23 lines 
to pass under, and with the enormous traffic and shunting operations continually in 
progress it will readily be imagined that the work was greatly hindered. The execution 
of this portion of the work was carried out in the following manner : 12 in. by 12 in. 
timber beams of sufficient length to span over the whole culvert were placed beneath 
the sleepers under each railway line, when excavations were commenced and timber 
horses placed under the beams at sufficient depth and width to obviate interference 
with the building of the foundations and walls. When the beams were supported in 
position excavations were begun near the sea and the earth was taken out by Decauville 
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cars and deposited in the sea, it being necessary to erect a temporary tipping stage for 
the purpose. The cars were drawn up the inclined plane by means of a wire rope 
and hauling engine with а loose pulley attached to the stage, by which arrangement 
work was greatly facilitated and carried out in a rapid manner. In the meantime the 
foundations were continued, and the side and centre walls, being built of masonry, 
were ready to receive the lattice braced bridges for each line, the bridges being rolled 
into position and gradually packed up on the abutments. Between each batch of 
railway lines there are roadways constructed of reinforced concrete similar to those 
previously described. 

The outfall in the sea was next considered, and it was constructed by driving old 
railway lines into the foreshore, with the tops left protruding to allow of their entering 
the foundation and the side walls ; the middle wall was dispensed with and the outside 
walls were formed into a bellmouth, which gradually runs away to water levcl, the 
whole being tied together by expanded steel. 

The expanded steel, of which large quantities were used, was supplied by the 
Expanded Metal Co., Ltd., of London and West Hartlepool, England. 
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View shewiog culverts under railway lines. 
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The Kahn bars were supplied by the Trussed Concrete Steel Co., of Detroit, 
Mich., U.S.A. 

The whole of the works of the reconstruction of Valparaiso were placed in the 
hands of Senor Enrique Budge, M.Inst.C.E., and the author, Mr. T. P. Cliff, acted 
directly under him in the designing and carrying out of all the culverts, which work 
€xtended over a period of three years. 
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CONCRETE ENGINEERING 
(PRACTICAL), 


By A. C. DAVIS, F.C.S., Assoc.Inst.C.E. 


A course of lectures dealing with Portland Cement and Concrete Engineering was 
recently given by Mr. A. C. Davis at the University of Cambridge. In our June issue we 
gave the text of the lecture on ** The Testing of Portland Cement,’’ and in a future number 
we shall publish the concluding discourses on the theoretical side of concrete engineering. — 


ED. 


THE application of Portland cement in general construction covers so wide a sphere 
of usefulness that each year finds it successfully employed in some new work, and 
numerous evidences of this point to the great strides which have been made “during 
recent years in the science of the manufacture of this invaluable product. Bridges, 
breakwaters, docks, canals, dams, reservoirs, cement concrete streets and footpaths, 
with their remarkable neatness and evenness, together with partitions, roofing tiles, 
paving slabs, building blocks, boats, rafts, barges and caissons, and to-day entire 
buildings and pressure pipe lines erected in reinforced concrete, represent a few of the 
important works constructed with Portland cement. These illustrations mark but 
the beginning of the era of cement in the field of engineering and architecture. 

Concrete consists of the combination of two materials—the aggregate, or filling 
material, consisting of broken stone or sand, and the matrix or matrice, the binding 
material, for which Portland cement is almost universally used. 


AGGREGATES. 

The nature of the aggregate is generally determined by the locality of the site 
upon which the concrete is made. 

The aggregates which can be used from the point of view of strength in the 
resulting concrete are named in the following list in order of merit. They are granite, 
gravel, marble, limestone, slag, sandstone, slate, shale, and cinders. Granite, being 
first on the list, is the best of the aggregates, cinders, being last, are the worst. Since 
the setting of Portland cement is a chemical process, aggregates should be free from 
any injurious matter which will enter into combination with the cement in setting. 

Sulphur is extremely injurious, and samples of slag—the residue from blast 
furnaces—coal, or indeed any material should be rejected if they contain any appre- 
ciable quantity of sulphur. 

Clay and vegetable matter should also be avoided. If the aggregate contains 
more than 2 or 3 per cent. of clay, or, indeed, any clay in the form of lumps, it should 
be rejected, or should be washed before using. 

The size of the aggregate should vary from pieces of the largest size down to fine 
sand. Large masses of concrete may contain stone from the size of 3-in. cubes down- 
wards. For smaller sections, such as a floor, slab, or beam, the maximum size should 
not exceed one-fourth of the thickness of the finished product. For such purposes 
it is usual to use stone varying from 1 in. or from Ў in. down to fine sand. 

The theory of mixing concrete is that no voids or air spaces should be left between 
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the particles of stone, sand, and cement. The finer grades (and sand) should be 
sufficient to fill the voids between the coarser grains, and the cement should fill the 
voids in the sand. 

For practical convenience the aggregates in concrete making are divided into 
two sections—the coarse material or stone, and the fine material or sand. The coarse 
material includes all sizes down to 3 in. The sand includes everything from } in. 
down to the finest flour. 

The quantities of stone, sand, and cement which must be used may be found by 
testing to ascertain the percentage of voids. 

Coarse aggregates have fewer voids than fine aggregates, therefore as much 
coarse stone should be used as possible. 

Similarly, coarse sand has fewer voids than fine sand, and if the sand is coarse, 
a smaller quantity of cement will be required to produce the same strength than with 
fine sand. 

А ready method of testing to find the voids in an aggregate, is to take any con- 
venient receptacle, say, a bucket, and ascertain the weight of sufficient water to fill it. 
It is then emptied and filled with the aggregate to be tested. The bucket and aggregate 
are then balanced upon the scales—its weight is immaterial—but the weight of water 
which can be added without overflowing from the bucket should be carefully noted. 
This weight, divided by the weight of water which will fill the bucket without the 
aggregate, is the proportion of voids. 


PREPARATION OF THE CONCRETE. 

The proportions for a mix of concrete, given, for instance, 1 part of cement to 
2 parts of sand and 4 parts of stone or gravel, are written I : 2 : 4, and this means 
that 1 cu. ft. of packed cement is to be mixed with 2 cu. ft. of sand and with 4 cu. ft. 
of loose stone. 

For ordinary work twice as much coarse aggregate should be used 
gravel or stone, as finc aggregate (sand). 

If, when placing concrete with the proportions specified, a wall mav show manv 
voids or pockets of stone, a little more sand should be used and a little less stone. 
If, on the other hand, when placing concrete in position, a quantitv of fine mortar 
rises to the top, less sand and more stone should be emploved in the next batch of 
work. 

In calculating the amount of each of the matcrials to be used for апу piece of 
work, one must avoid the mistake so often made that one barrel of cement, two barrels 
of sand, and four barrels of stone will make a capacity of seven barrels of concrete. 
The sand and cement fill the voids between the stones, and, therefore, the total quantity 
of concrete in this case will be slightly in excess of the original quantity of stone only. 

The proportions of matrice and fine and coarse aggregates in concrete are generally : 

(a) In a rich mixture for columns and other structural parts subjected to high 
Stresses or requiring exceptional water-tightness, I : I} : 3. 

(b) In a standard mixture for reinforced floors, beams, and columns, for 
arches, for reinforced engine or machine foundations subject to vibrations, for 
tanks, sewers, conduits, and other watertight work, the proportions should be 
I2 i4 

(c) A medium mixture for ordinary machine foundations, retaining walls, 
abutments, piers, thin foundation walls, building walls, ordinary floors, side- 
walks, and sewers with heavy walls: proportions, І : 2} : 5. 

(d) A lean mixture for unimportant work in masses, for heavy walls, for large 
foundations supporting a stationary load, and for backing for stone masonry : 
proportions, I : 3 : 6. 


that 15, 
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Care should be taken that clean water is used for mixing the concrete. Water 
from ponds and streams may contain clay, organic matter, chemical waste, or other 
injurious ingredients in solution or suspension, and should therefore be avoided. 

The cement and aggregate should be thoroughly mixed together in a dry state 
before the water is added. Too much or too little water should be avoided. Theo- 
retically, just sufficient water to enter into chemical combination with the cement 
should be used, but practically sufficient water is required to allow the materials to 
slide easily over each other so that they can be packed into place in making the 
concrete. 

Thorough mixing is essential, and machine mixers are to be preferred. They 
are more efficient, and the resulting concrete is sometimes 25 per cent. stronger through 
being efficiently mixed. 

Retempering mortar or concrete—?.e., remixing with water after it has partially 
set, should not be allowed. 

Concrete, after the addition of water to the mix, should be handled rapidly (and 
in as small masses as is practicable) from the place of mixing to the place of final 
deposit, and under no circumstances should concrete be used that has partially set 
before final placing. А slow-setting cement should therefore be used when a long 
time is likely to occur between moving and final placing. 

The concrete must bc deposited in such a manner as will permit the most thorough 
compacting, such as can be obtained by working with a straight shovel or slicing tool 
kept moving up and down until all the ingredients have settled in their proper place 
by gravity, and the surplus water has been forced to the surface. 

Some of the common causes of failure in the making of concrete, then, are as 
follows : 

Firstly, the use of too much water during mixing, or water carelessly applicd, 
or an insufficient quantity of water. 

Secondly, the use of an insufficiently graded aggregate, and one containing 
only very coarse material, or one with too much sand or loam. 

Thirdly, the incomplete incorporation of the aggregate with the cement, or 
allowing the concrete to stand until the setting action has commenced, and then 
regauging before use. 

Fourthly, the use of unsuitable aggregates. 

Fifthly, the rendering of cement work on dry foundations and without 
thoroughly saturating the surface with water. 


Sixthly, the us? of a dirty azgregate or water containing earthy matter, 
clay, or loam. 


Or, again, the rep2ated “ flostinz " or trowelling of cement surfaces makes 
unsatisfactory concrete. 


CENTERING. 

The timber centering work is now a problem to be dealt with, and in this respect 
the supporting forms must be of such dimensions and so constructed as to remain 
rigid and unyielding during the laying and ramming of the concrete. It must be so 
arranged as to permit of easing and removal without jarring the concrete, whilst it 
is what 15 termed “ green ’’—7.e., immature. 

The primary object in designing centering should be ease in removal and facility 
for quick erection, a point which is of the utmost importance where there is much 
repetition on a contract. A careful study of the most suitable arrangement of the 
centering is time well spent. It should never be forgotten that the cost of centering 
is nearly always a large percentage of the total cost of the structure, and economy on 
this item will frequently mean an appreciable sum of money. Where it is possible, 
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and the smaller spans permit, it is frequently desirable to arrange for the floor slab 
centering to be carried on the secondary beam troughing, and for this troughing to be 
carried in turn on the column boxing. With large beams of considerable span this, 
generally speaking, will not be possible, and arrangements must be made for the 
beam troughing to be carried by struts. The beam troughing should be so designed 
that the under or bottom board may remain in position after the side boards and the 
floor centering have been removed. All struts under beams, etc., should be wedged 
from below at the floor level, and not at the top of the struts. The ends of the beams 
should be haunched on to the supports where this is possible, especially in continuous. 
beams. Thick timber is better than thin, as it lasts much longer, stands rough handling 
better, and is more economical in the end. In the construction of reinforced concrete 
‘walls it is generally advisable to fix the outer shuttering first, then place the steel in. 
position, and add the inner shuttering as the work proceeds. То kcep the inner and 
outer faces of the shuttering for walls the proper distance apart, perforated wood 
plugs or concrete separators are used, a bolt being driven through the plugs, keeping 
the shuttering tight and rigid. After the shuttering is removed, the holes left in the 
concrete are, of course, filled. When all the centering is fixed and coated with oil 
or soap, and the steel placed in position, it is advisable to thoroughly flush the centering 
and moulds with water before any concreting is commenced. 


PLACING CONCRETE. 

After preparing the materials and arranging for the constructional work to pro-- 
ceed, the thickness of loose concrete that is to be rammed should not exceed 3 in., 
especially in the vicinity of anv reinforcing metal. Special care is to be taken to ensure 
perfect contact between the concrete and the reinforcement, and that the ramming is. 
continued til the concrete is thoroughly consolidated. Each section of concreting 
should be as fat as possible completed in one operation, but when this is impracticable, 
and work has to be recommenced on a recently laid surface, it is necessary to wet the 
surface, and where it has hardened it must be hacked off, made clean, and covered with 
cement grout. The concrete, when laid, should be protected from {һе action of 
frost, and shielded against too rapid drying from exposure to the sun's rays or winds, 
and it should be kept well wetted. 


STRIKING CENTERING. 


The time during which the centres should remain up depends on various circum- 
stances, such as the dimensions or thickness of the parts of the work, the amount of 
water used in mixing, the state of the weather during laying, and the setting time of 
the cement, etc., and this must be left to the judgment of the person responsible for 
the work. 

The striking of centering is a most important duty, and unless very carefully 
carried out may involve terrible consequences in the collapse of the whole work and 
loss of life. 

Nearly all failures in reinforced concrete work—failures which, though happily 
absent in English experience, are not unknown in America and other countrics— 
have been caused by a too early removal of the centering and struts from bencath 
newly made concrete and the premature loading of the structure. 

It should be remembered that the dead load or weight of the structure, without 
reckoning the load for which it was designed, is considerable. In а floor slab having 
a 16-ft. span, the weight of the floor itself may be quite half as much as the live load 
which it is designed to sustain when the concrete is thoroughly matured. 

Too great care and judgment cannot therefore be exercised in arriving at a. 
decision as to when struts may safely be removed. 
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It is advisable to remove the side casing of beams at an early date to hasten 
the drying and hardening of the concrete ; but at the same time the soffit boards and 
struts should be left in position to hold up the floor until the concrete is set. The 
casing for columns, for the sides of beams, and for the soffits of floor slabs not more 
than 4-ft. span, may be removed after eight days ; ѕоћїѕ of beams and of floors of 
greater span should remain up for at least 14 days, and for large span arches for at 
least 28 days. 


REINFORCED CONCRETE. 

Now, to deal especially with reinforced concrete, the use of concrete reinforced 
with metal has made great strides throughout the world of recent years. It has been 
adopted abroad far more extensively than in this country, particularly in France, 
Germany, Austria, and the United States and Canada, and one has only to pay a 
flying visit to those countries to at once appreciate the application and utility of this 
practically modern system of construction. 

Reinforced concrete, which is also termed ferro-concrete, armoured concrete, and 
concrete steel, may be described as a mode of construction where concrete and steel 
are applied in such a manner that the mechanical and physical properties of the two 
materials are utilised to the greatest possible advantage. 

The concrete is invariably made with the materials and by the methods I have 
previously described, and the steel employed is of the type generally known as mild 
steel, in contradistinction to qualities of metal which are designated high-carbon steel 
or hard steel. | 

Reinforced concrete, however, can be made with any quality of iron or stcel, 
the only reason for the adoption of mild steel being that the variety thus denoted is 
more reliable and more economical than any other. 

Principles of Reinforced Concrete.—The primary principles of reinforced con- 
crete are, that concrete is extremely strong in compression, but comparatively weak 
in tension, and consequently reinforced concrete is arranged to employ concrete to 
withstand compression stresses, and stecl to resist tensile stresses. Steel is a strong 
ductile material which under modern conditions of manufacture is of great reliability. 
When embodied in concrete it imparts thereto the properties of ductility and uniformity 
that are possessed by itself. 

Moreover, steel and concrete have practically the same coefficient of expansion 
and contraction under temperature changes. This property means that the two 
materials contract and expand together just the same, otherwise internal stresses 
would be set up and destroy their union. Concrete has a great adhesion for steel, and 
the two become so intimately united when the embedded steel is in small sections 
that they form in combination a new homogeneous constructional material. 

Portland cement concrete has been used for so many years that its valuable 
properties and its limitations are thoroughly known. Capable of withstanding 
without injury the destructive influences of fire, air, and water, and possessing great 
compressive strength, it has relatively little tensile strength, although vastly superior 
in this respect to brick and various kinds of natural stone. 

Stecl, on the other hand, is remarkable for tenacity, but suffers from rapid deteriora- 
tion when exposed to the air even when coated with the most efficient paint as a 
protective covering. It is, moreover, very susceptible to heat, and in case of fire, 
steclwork constitutes a serious danger to any building where it is employed in accord- 
ance with ordinary methods of construction. Here the concrete acts as an infallible 
protection to the embedded steel, preserving that steel not only from injury by heat 
in case of fire, but, for all time, from corrosion. 
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EFFECT OF COMBINATION OF MATERIALS. 

In reinforced concrete, then, we have qualities of great resistance, continuity, 
elasticitv, and incombustibility. It has in the highest degree the indispensable 
quality of homogeneity, and consequently within the last few years this system of con- 
struction has become recognised by the architectural and engineering professions to 
such an extent that we are now in a veritable '' concrete age," this being the most 
up-to-date system of building, and the constructive method of the present and the 
near future. 


PERMANENCE OF CONCRETE. 

With regard to the permanence of this form of construction, every engineer 
knows that lime concrete employed by the ancient Romans has endured to our own 
times, and that iron embedded in the same variety of concrete has been preserved for 
thousands of years without a trace of corrosion. It is equally well known that Portland 
cement concrete is a far more durable material than the lime concrete formerly used, 
and therefore there can be no doubt whatever as to the permanence of works executed 
in reinforced concrete, wherein the steel reinforcement is embedded at such depths as 
to preclude the possibility of injury from fire, air, and water. 

In every part of the world evidence remains to show that the valuable properties 
of concrete have been fully recognised from ancient times. 

Vitruvius Pollio, a celebrated architect, who lived in the time of Augustus, 
Emperor of Rome, describes concrete as) one of the ‘most valuable building 
materials, which for centuries before his time had been used for foundations, walls, 
and all structures where great strength was required. 

The great dome of the Pantheon, in Rome, 142 ft. in diameter, was built entirely 
of concrete, and remains to this day an example of durability, having resisted the 
destructive influences of nature for well-nigh 2,000 years. 

In the House of the Vestals, an upper floor, of 20-ft. span, consisted simply of a 
concrete slab 14 in. thick without any reinforcement. There are also in Rome, and 
throughout the countries once forming parts of the Roman Empire, numberless 
examples of early concrete work, which have proved more durable than masonry 
construction. 

All these, and other early works in concrete, contained lime as the cementitious 
material. As for the still greater capacity for endurance of Portland cement concrete 
little need be said. The absolute faith reposed in such concrete is abundantly evidenced 
in its universal employment by engineers and architects, and notably by its selection 
for such important works as the great National Harbour at Dover, the Keyham Docks 
Extension Works at Plymouth, and many other works equally well known, including 
various large reservoirs, breakwaters, and docks over the country, and other works 
which I will show on the screen later. 

Probably the most remarkable characteristic of reinforced concrete is its ability 
to withstand excessive vibration and shocks without injury. А most convincing proof 
of this statement is the large number of reinforced concrete piles that have been 
successfully driven into ballast and other hard strata. In most cases the monkey 
weighs from two to three tons, and the blows come in sharp succession, so as to keep 
the pile always on the move. 

Take the case of locomotives running over bridges and subjecting them to shock, 
small in quantity, but frequent in action, due to the engine travelling. In reinforced 
concrete it is observed that a bridge deflects under load, and springs back as soon as 
the load is released without developing any cracks. 

The San Francisco and Messina earthquakes also gave striking examples of the 
resistance of reinforced concrete to shocks. Regarding settlement, it would be 
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rcadily understood that reinforced concrete has a strong point here, as the whole 
structure is monolithic, and could take tension as well as compression. Any tendency 
to cant sets up tension in some member, which in ordinary construction makes itself 
evident by cracks and fissures. 

Unlike timber, iron, and steel, which rapidly perish by natural decay or corrosion, 
and unlike stone or brick, which, more slowly but none the less surely, disintegrate 
and crumble away as the result of atmospheric influences, good concrete increases 
in durability and strength by continued exposure. 

The striking instances already given are sufficient to establish this unique and 
invaluable property of concrete. The same property is still more highly developed 
in reinforced concrete, owing to the superior quality and the scientific proportions 
of the constituent materials, and in consequence of the close attention devoted to the 
thorough mixing of {һе ingredients, and the methods of depositing and tamping the 
resulting concrete, which are ensured by the practice of confining the execution of 
works to authorised contractors whose experience and standing give assurance of their 
perfect reliability. 

ABSENCE OF METAL CORROSION. 

In view of the doubts sometimes entertained as to the efficacy of concrete 
for the preservation of embedded metal, it is possible to obtain manv well-established 
facts to show that the reinforcement in ferro-concrete is perfectly safeguarded from all 
risks of corrosion ; but perhaps it is hardly necessary for me to detail them here. At 
any rate, evidences of the indcestructibility of reinforced concrete through the lapse of 
time are not wanting, and very many instances in support of this contention can 
readily be cited. 

The late surveyor to St. Paul's Cathedral recently caused an opening to be made 
in the concrete of the dome in order that the condition of the great chain which binds 
it at its base might be disclosed. This chain has been embedded in lime concrete for 
more than 200 vears, and it was found to be as bright and perfect as when new. 

The reason why steel encased in concrete is prevented from rusting is that the 
oxide of iron chemically combines with the cement, forming a covering of ferrite of 
calcium, which is a good protective agent, and numerous expcriments have shown 
that steel embedded in concrete for any number of years is found in the same condition 
as the day it was put in, and even where rusty steel has been used, it is seen that 
ultimately the rust has disappeared. 

First Use of Reinforced Concrete in England.— Precisely when reinforced con- 
crete was first used would be difficult to determine. The first patent taken out in this 
country was about the year 1850, by onc named Wilkinson, but apparently the idea 
was not received with favour. In 1861 M. Coignet published in France a book in which 
he recommended the introduction of a metallic framework to strengthen concrete 
structures. In 1880 the svstem had received practical attention in France and 
Germany, while a bridge was built of the material in Denmark in 1872. 

It was not until 1808 that reinforced concrete construction in the form of beams 
and piles was practically applied at Southampton bv M. Hennebique, who was the 
pioneer of this form of construction in England. To-day, reinforced concrete has 
attained an important position among systems of engineering practice, and in the very 
near future few engineering works will be carried out without making usc to some 
extent of a combination of steel and concrete. 


DESIGN OF BEAMS. 
It will now be convenient to examine the principles involved in the design of a 
simple beam freclv supported at each end, and I would now direct your attention to 


602 


CONCRETE ENGINEERING. 


the sketch shown in Fig. i. Under the strain of an evenly distributed load, the 
bottom fibres of the beam are subjected to a tensional stress which tends to tear them 
apart, and which, by causing them to stretch and increase their length, enables the 
beam to bend under the applied load. It has been previously pointed out that concrete 
is not able to withstand this tensional stress, and that steel is well able to do so. It is 
therefore at the bottom of the beam that the steel must be applied. 
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The top, as we know, is subject to compression, and it is in this portion of the 
beam that concrete is relied upon to take its share of the forces to which the beam 
will be subjected. 

Few beams in engineering construction are, however, so simply designed as the 
one just cited. Beams are generally designed in the form of continuous beams being 
supported upon columns at three or more points. 

The parts of such a beam which lie in the centre of the span between the columns 
have the lower part in tension and the upper part in compression. Fora short distance 
over each column, however, the nature of the stresses is reversed, and the upper part 
of the beam is in tension and the lower part in compression. 

This action will be readily understood from the diagram shown in Fig. 1, and in 
which it will be seen that the concave portions of the beam are in compression, and 
are denoted by dotted lines, while the convex sides are in tension. 

At the point of contraflexure, as it is called, the stcel bars, or a proportion of them, 
are bent in such a manner that they no longer run near the lower face of the bcam, 
but come up to the top as they pass over the columns. 

A further provision of steel is necessary by way of web reinforcement to resist 
shear. The function of web reinforcement is to connect together the compression 
and tension areas in a rigid manner in precisely the same way as the bars of a lattice 
girder or the members of a truss girder. 

The shear which these members resist is greatest at the ends of a uniformly loaded 
beam and diminishes towards the centre. It is therefore necessary that shear rein- 
forcement should be heavier at the ends than at the centre, or if the shear bars are 
of the same section throughout, they should be placed at gradually decreasing distances 
Írom the centre to the ends of the beam. The three principal points of reinforcement 
in beams are therefore : 

The main tension bars at the bottom of the beam. 

The tension bars at the top of the beam at points of contraflexure over columns. 

The web or shear reinforcement connecting the tension and compression arcas 
together. 
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REINFORCEMENT. 

As to the method of the reinforcement of concrete, there are a number of systems— 
some of which are patented and others not—to choose from, but no particular system 
perhaps comprises all the essentials of an ideal reinforcement. Generally speaking, 
each system has features in which one or two details are superior to those of other 
systems, and perhaps this is a good reason why engineers should study the matter out 
for themselves. 

The generally accepted method of reinforcement, however, is in the insertion of 
thin horizontal bars or rods and strips of steel in just those places, and in those places 
alone, where the stress diagram of any given structure shows that the resistance of the 
concrete requires to be supplemented. 

The steel used is usually in the form of round bars and strip, obtained from 
makers of good repute, and should be produced by the open-hearth basic or acid 
process. 

As regards the various sections of reinforcements used with concrete, firstly, wc 
have to consider the ordinary commercial round or square bars. Small sections are 
generally favoured, as they give a larger proportionate surface for adhesion, and are 
more easily manipulated. Hoops, bands, and flats of small section are used, but 
rounds and squares are the sections usually used in reinforced concrete work. Other 
sections are, however, used, more particularly T-bars, which are specially fitted for 
reinforcing arches and tall chimneys, while the old type of steel and concrete floor, 
of which there is a considerable amount still constructed, has small I joists. 

Some patent bars for reinforcement are moulded in various shapes and sizes 
with the idea of providing the mechanical bond which numerous authoritative investi- 
gations have shown to be quite unnccessary, owing to the natural bond created between 
the concrete and the steel by physical and chemical agencies. 

Regarding the cost, speaking generally, reinforced concrete is from Io per cent 
to 40 per cent. cheaper than ordinary construction, and this without taking into 
account the advantages already investigated. The first cost is the onlv cost, and 
maintenance charges, that are a constant worry and expense to engineers in charge of 
railways, bridges, docks, gasworks, etc., are entirely obviated. 


WORK OF ERECTION. 

Now, in making preparation for reinforced concrete work, I have alrcady dealt 
with the method of concrete making. The steel reinforcement I have described, and 
the theory of design of such reinforcement I am dealing with later, so we will now 
confine ourselves to the practical methods of construction. 

It will save considerable time if the steel is delivered cut to the required length, 
as by this means a good deal of smith’s work on the job will be avoided. А convenient 
way of bending the smaller bars is to use a long temporary bench, constructed of thick 
timber with strong pins or plugs in the same to bend the bars upon. These pins 
should be arranged to form a template, and thus the work will be accurate and expedi- 
tious. Generally speaking, bars up to £ in. diameter can be bent cold, but larger 
ones should be bent hot, and it is desirable that the heat at which they are bent should 
not exceed that of a cherry red ; a white heat is not desirable. Smooth bars, whether 
round, square, or hexagonal, must be anchored at the ends, either by bending at 
right angles, or by splitting open like a fish-tail, or by means of a washer and nut, 
the latter being probably the most cffective method. Steel bars in floors and walls 
must be crossed to distribute the stresses, and bars in the beams must be cranked 
over the supports, irrespective of the system used. Where openings occur, cither in 
floors or in walls, it is always advisable to put additional steel round the openings. 
The steel bars in the beams can either be suspended from above, or by the stirrups 
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or shear hangers, or they can be carried on temporary wooden slips, or by concrete 
bolsters, in the bottom of the troughing. Generally speaking, it is not desirable to 
use wood slips, as workmen are frequently careless and forget to remove them ; concrete 
bolsters, on the contrary, are left in permanently, and become part of the beam. The 
bars in floor slabs can be kept the required distance above the centering by means 
of notched wooden templates, or by a round iron rod ; these are pulled along the floor 
just in front of the concrete as it is being deposited. Another method is by means of 
small concrete blocks which are embedded in the concrete, and become part of the 
structure. It is in every way desirable that all, or nearly all, bars where they cross 
each other should be wired together with soft iron wire, thus guarding against dis- 
placement when the concrete is being rammed around them. This takes a little 
while, but it is time well spent, and results in good homogeneous work. 


LOADING TESTS. 

The durability of reinforced concrcte should not be difficult to prove, as it has 
already been shown that as long as the concrete covered the steel there was no need 
to have any fear. It is a well-known fact that concrete improves by age, and it is 
also known that the tensile strength and compressive strength of the cement also 
increases year by year. 

Loading tests on the structure itself should not be made until at least two months 
have clapsed since the laying of the concrete. The test load should not exceed one and 
a half times the accidental load. Consideration must also be given to the action of 
the adjoining parts of the structure in cases of partial loading. In no case should any 
test load be allowed which would cause the stress in any part of the reinforcement to 
exceed two-thirds of that at which the steel reaches its elastic limit. 


FOUNDATIONS, 

With all buildings, constructed on no matter what principle, the foundations 
must conform to the ordinary types ; for instance, spread or raft foundations may be 
adopted, or piles and caissons used to sustain the loads. The latter—namely, piles 
and caissons—are used where heavy loads are to be sustained by a wcak subsoil. Indeed, 
they are often used in water. For such a purpose reinforced concrete is distinctly 
suitable, as the steel is prevented from corrosion ; and apart from the question of cost, 
reinforced concrete piles are very superior, as regards life, to timber or steel piles. 

It is essential in driving concrete piles that the blows be of a steady and uniform 
nature, and that a heavy hammer with a fairly short drop be used, otherwise there is 
a danger of damaging the pile and causing it to crack or “ shatter.” Again, the great 
weight that is represented by a long concrete pile necessitates special arrangements 
for the handling and hauling into position ready for driving. 

As regards spread or raft foundations, reinforced concrete is particularly service- 
able, because it produces the thickness of concrete that is ordinarilv necessary. А very 
thin slab can be used, as the concrete is not called upon to sustain any tension, steel 
being used for this purpose at the lower side of the slab. Independent sprcad founda- 
tions are now reinforced with bars, although the older form of steel joists, crossing 
each other, is a form which is still much used. Where raft foundations are used, 
constructed without reinforcement, a great thickness of concrete has to be adopted, 
while even then they are deficient becausc the difference between hcavy loads on various 
portions of the site, or a difference in the bearing power of the subsoil, puts a great 
strain upon the raft, and it is almost certain to result in cracking and unequal settle- 
ment. A reinforced concrete raft, however, can be constructed very much thinner, 
and thoroughly framed together with beams forming ribs. Such foundations give 
security against unequal loading and unequal support from the subsoil, and against 
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shocks and vibrations of great magnitude, thus being particularly applicable in districts 
where liability of serious earthquake shock has to be feared. 


GENERAL DESIGN. 

A great many retaining walls have been built in reinforced concrete. Steel 
reduces the thickness, because buttresses, with thin intermediate slabs and a projecting 
foot, can be designed to be thoroughly stable against overturning and shear. There 
are no special systems with regard to reinforcing retaining walls that call for notice. 

Columns, piers, posts, or stanchions are constructed of reinforced concrete, the 
reinforcement being used to reduce the section of the concrete, to bind it together, 
and to prevent bulging. The reinforcements consist, therefore, of longitudinal bars 
and horizontal ligatures, formed either of links or spirally-wound rods, generally of 
smaller section than the longitudinal bars. 

In ordinary cases, there is very little lateral pressure on walls, and an ordinary 
square mesh-work embedded is sufficient. In reinforced concrete work, most buildings 
are carried out on the frame principle, the loads being carried from the beams on to 
columns, and the walls are mere partitions between them. 

The reinforcement in arches and arched bridges constructed of reinforced concrete 
serves three purposes—namely, to take compression, to resist tension, and prevent 
shearing and temperature cracks. The reinforcement is designed in conformity with 
the modern theory of the elastic arch, and often hinges are introduced so as to ensure 
the line of stress passing through given points. Every endeavour, of course, is made 
to prevent tension in the arch ring, and the reinforcement chiefly serves to assist in 
the resistance of the compressive stresses. Consequently, large steel members such as 
tees are frequently adopted. 

Trussed bridges of various forms are constructed in reinforced concrete, but no 
special principles are introduced in their design, the members consisting of posts, 
perpendicular or inclined, and beams of cantilevers. 

Reinforced concrete is now extensively used in the construction of conduits, 
water mains, and sewers. The latter are usually constructed ги sztu—that is, the 
concrete is mixed and placed to set їп the position it will finally occupy, although a 
great number of sewer pipes of large diameter are manufactured and sold as an ordinary 
market commodity. Water pipes are occasionally constructed im situ ; but, as a general 
rule, are made in moulds. The reinforcement is generally of spiral form, consisting 
of meshwork, the strands preferably crossing the pipe at an angle, and not running 
longitudinally and at right angles to the length. The spiral reinforcement serves to 
resist the bursting pressure. Expanded metal has been largely used for this purpose ; 
while wire meshwork has also been used. In one system called the Bonna svstem, 
special cruciform bars are wound spirally inside and out of a thin sheet of stecl, the 
steel scrving to prevent percolation under great pressure or contamination by penctra- 
tion of external moisture in the soil. 
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The construction of the Panama Canal is certainly one of the greatest engineering 
feats ever accomplished, and we feel sure that an account of the concrete work in this 
great undertaking will interest our readers. The first and second articles on this subject 
appeared іп our May and June, 1911, numbers. —E. 


By JOHN GEO. LEIGH. 


Government v. Contract Work.—Consideration of the vast quantity of 
cement required and of the dependence upon the quality of this material for 
the success of lock construction had much to do with the—in the writer's opinion— 
very wise decision that the Canal should be built under the direct control of the 
United States authorities, and without recourse, on any large scale, to contract 
work. The last hybrid Commission of civilians and military men íavoured a 
contrary policy, but with its fall in March, 1907, and immediate supercession by 
a Canal administration composed almost exclusively of officers of the Corps of 
Engineers, U.S.A., its schemes in this and other directions suffered sudden 
eclipse. 

In the first annual report published under his auspices, Lieut.-Colonel G. W. 
Goethals, the new and present chairman and chief engineer, argued very temper- 
ately, but with irresistible cogency, against the intervention of contractors. 
Dealing specifically with the concrete work, he pointed out that, owing to the 
considerable distance between the isthmus and commercial centres, the Govern- 
ment would be able to construct the locks and dams more cheaply than could a 
contractor ; that the latter would probably find, after the completion of the work, 
no further use for the special machinery installed, even if the payment of freight 
for its return to the States were warranted ; that the plant could be procured 
more cheaply by the Government ; and that if it were furnished by the contractor, 
the Administration would have to pay for it in its entirety, together with interest 
on the amount expended on its purchase. Owing, moreover, to the close and 
peculiar association of the United States military engineers with constructions of 
like character, cheaper and incidentally better concrete work might be expected 
from them than from less specialised supervisors. 

Cost of Canal Completion.—According to a revised and detailed estimate 
prepared by the Isthmian Canal Commission in December, 1908, the expenditure 
by the United States in connection with the completion of the enterprise will 
be £77,362,000. This amount, it should be noted, includes the £8,427,000 paid 
to the second French Canal Company for all its rights and properties ; £2,107,000 
paid to the Republic of Panama for sovereign powers in the Canal Zone; loans 
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to the Panama Railroad, and expenditure on waterworks and other improve- 
ments in the cities of Panama and Colon—items under the last two heads being, 
of course, repayable to the United States Treasury ; but excludes reference to the 
expenditure of £2,573,000 now proposed for fortifications. Among the classified 
estimates making up the grand total are : 


Excavation, dredging, etc., Central Pedro Miguel locks and dams ... £2,670,000 

division ius us ... £ 18,239,000 Miraflores locks and dams ... e. 4,500,000 
Limon Bav brcakowaters € ... 2,357,000 General expenses 2 T ... 4,895,000 
Gatun locks ... ian ee ... 5,325,000 Sanitation - xà d e. 4,134,000 
Gatun dam ... wy 2,800,000 Civil administration ... Я 1,522,000 
Excavation, гейш. etc., “Atlantic Construction and repair of TA 3.000,000 

division ke : ... 3,656,000 New Panama Railroad гай . 1,700,000 
Excavation, dredging Sie: "Pacific 

division -— , ... 2,715,000 


Concrete Reveineni in Culebra Cut.—t is yet uncertain to what extent 
it may be found necessary or desirable to protect the faces of Culebra Cut. Owing 


to the large expense to which they would be committed by the adoption of any 
ambitious scheme of revetment, the Commission have wisely determined, pending 
the complete excavation of the Cut or the occurrence of the unforeseen, to limit 
immediate attention to a single point. This is at Paraiso, on the east side of the 
Canal, where frequent slides have demonstrated the necessity of revetment. in 
order to preserve for construction purposes the berm, or ledge, 95 ft. above sea- 
level, proposed originally to accommodate the Culebra section of the relocated 
Panama Railroad. The length of wall to be retained is about goo ft., and for 
this work and other of similar character which may hereafter be deemed neces- 
sary, special equipment has been requisitioned. 

Cost and Progress of Lock Building.—1n the appended table, dealing 
specifically with the more important concrete constructions, are shown : (1) The 
Canal Commission's estimate of work required for Canal completion and its 
probable cost ; (2) dates when work commenced at the various points ; (3) totals 
up to March 3154, 1911; and (4) concrete placed between that date and 
May 215{. 


| Estimated | Quantity and cost to , Concrete 
concrete First March 31, 1911. ' placed 
—— masonrv concrete A pril 1 
| required and placed. Ба БЕ to 
unit cost. Concrete Total ' Unit Мау 20, 
' placed. | сом. cost. 1911. 
cu. yd. $ | cu. yd. : $ | $ cu. yd. 
Culebra Cut revet- | 
ment T 400,000 I.000 — — — = = 
Gatun Dam Spill- i | 
way 224 250,000 8.25 Маг. 17, 1909 131,092 ' 1,063,499 81126 4,895 
Gatun Locks, in- | | | 
cluding approach | 
walls vss ... | 2,086,000 7.75  Aug.24,1909 1,234,430 | 8,973,714 72695 118,499 
Ironwork — — | — —- 775,216 | — — 
Pedro Miguel Locks, | | 
including ap- | | 
proach walls and | 
core connection 
with dams vu 916,166 8,25 Sept. І, 1909 509,043 3,212,692 5°30 52.037 
Miratlores Locks ... 1,430,199 8.25 Mav 30, 1910 173,175 894.236 571656 71.521 
Ironwork ТА — — — 2 440,098 ' — — 
Miraflores Dams... 75,100 | 11.00 — — 430 4, — — 
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Unit Costs.—The following table, showing the detailed cost per cu. yd. 
of concrete masonry in Gatun spillway and the several locks for the quarter 
ended December 31st last, will, it is hoped, prove interesting to a very considerable 


proportion of readers : 


Gatun Gatun Miguel Miraflores 
س‎ Spillwav. Locks Locke: Locks. 
Concrete: | 
Quantities (cu. yd.)... 18,353 220,169 167,758 65,805 
Cement $1.8012 $1.8433 €1.4124 $1.3930 
Stone 2.2934 2.1359 0.7450 0.7540 
“Sand ... 0.4594 0.8693 0.3797 0.3828 
Mixing 0.1779 0.1873 0.1661 0.6440 
Total cost $4.7319 $5.0358 $2.7033 $3.1738 
Large Rock: did Г ЕЭ Pas 
Quantities (cu. yd.)... 310 21,872 | 746 1.758 
Cost $2.7998 $1.1909 | S0.8231 $1.1993 
Masonry : 
Quantities (cu. yd.)... 18,633 242,041 168,504 67,563 
Concrete $4.6534 $4.5808 ıı $2.6913 $3.091II 
Large rock 0.0465 0.1076 0.0036 0.0312 
Wood forms 0.4555 0.3574 | 0.3243 0.3754 
Steel forms ... — 0.0938 ' 0.0495 0.1245 
Placing ; 0.6817 0.3896 0.2910 0.2762 
Coffer dams ... 0.0719 — — — 
Reinforcements — 0.0307 0.0114 0.0106 
Pumps — 0.0293 | 0.0356 0.0488 
Power i > — 0.0745 0.0418 0.0160 
Maintenance of equipment 0.2141 0.2616 | 0.1840 0.1750 
Plant arbitrarv 0.6160 0.6850 0.6649 0.4500 
Division expense 0.1165 0.1050 0.0752 0.1205 
Administration and general expense .2627 0.2386 0.2721 0.3511 
Total cost $7.1183 $6.9539 | $4.6447 $5.0704 
Masonry, Reinforced : ' 
Quantities (cu. yd.)... — 272 | == => 
Cement — $3.1200 | —- —- 
Stone — 2.3193 — — 
Sand ... — 0.8800 = == 
Forms == 2.4209 7 aa 
Mixing — 5.1736 = = 
Placing i — 1.Ко31 = == 
Reinforcements — 2.1729 == e 
Plant arbitrary — 0.6850 ua == 
Division expense А — 0.7702 =z == 
Adininistration and general expense — 1.7082 ES = 
Total cost — $21.1222 — = 
Total Masonry : 7; E 
Quantities (cu. yd.)... — 242.313 — — 
Total cost — $6.9698 2 — 


Pedro 


uice ———————————————————————————————————————————————————— — 

since this table was compiled the writer has been placed in possession of 

corresponding figures for the quarter ended March 31st. Taken generallv, these 

show a considerable reduction, as compared with the foregoing figures, in the 
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cost of concrete laying in both the Atlantic and Pacific divisions. The cost of 
the concrete placed in Gatun Locks during the quarter—231,907 cu. yd.—was 
$6.6972 per cu. yd., this price including 3,314 cu. yd. of reinforced concrete, used 
in the construction of the operating tunnels, at $14.276 per cu. yd. In March, 
86,884 cu. yds. of concrete were placed in the locks, and of this amount 1,585 
cu. yd. were reinforced, the cost of the latter being $13.9034, and of the mass 
concrete $6.315 per cu. yd. The cost of the crushed stone brought from Porto 
Bello shows, as compared with the figures of the preceding quarter, a reduction 
of 21.11 cents per cu. yd., but that of the sand dredged at Nombre de Dios was 
slightly in excess. 

There was a small increase in the cost of concrete at the Pedro Miguel Locks, 
due to the lesser amount placed consequent upon the removal to Miraflores of 
part of the construction plant. The unit price of $5.2131, however, compares 
very favourably with the estimate of 1908. At Miraflores, in spite of the fact 
that only a portion of the plant was in operation, the quarter's production of 
concrete was 76,087 cu. yd., and the cost thereof but $4.8434 per cu. yd. 

It will be noted that, in the endeavour to arrive at a just estimate of unit 
cost, consideration has been paid to all establishment and other charges, excepting 
only items of expenditure for sanitation, hospitals, and civil government. The 
comparatively small cost of ironwork for reinforcement is explained by the fact 
that extensive use has been made of the vast store of 60 lb. and other light rails— 
of an aggregate length of nearly 250 miles—inherited from the French com- 
panies, of little or no worth for other purposes and consequently valued as “ scrap.” 

Other Uses of Concrete.— Apart from the great constructional works to 
which particular reference has been made, concrete has been, and will continue 
to be, used on the isthmus for a significant diversity of purposes. For instance, 
it is interesting to note that during the first four and a half years of the American 
occupation, orders were placed by the Canal Commission for 203,730 barrels of 
Portland cement. Delivery was made in small quantities, the loss by broken 
packages and deterioration during transit being about 3 per cent. for cement 
shipped in bags, and about то per cent. in the case of shipments in barrels. 
Owing to the urgent demand for it, the material seldom remained long in storage, 
and consequently little was known as to the effect of the moist atmosphere, though 
tests showed that the sea voyage exercised but slight or no deteriorating influence. 

Of the imports referred to, about 75 per cent. was used by the Department 
of Municipal Engineering in laying pavements, drains, sewers, etc., the remainder 
being employed by the Division of Building Construction. А considerable 
amount was utilised in the new Administration building at Ancon, a three- 
storey structure of concrete blocks, which would have cost double the amount 
spent upon it had it been built of bricks or stone. For reservoirs, water tanks, 
and storage houses for dynamite, powder, and detonators, concrete proved 
especially valuable. A plant for making the blocks was installed at Ancon as 
early as 1905, and was maintained for several years with ever-increasing effective- 
ness, the final cost of the manufactured product being 121 cents per cu. ft. The 
mixture used was I part cement, 3 parts sand, and 3 parts stone chips, and when 
about three months old, blocks thus made showed a tensile strength of 342 Ib. 
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More recently, extensive use has been made of concrete for bridges and 
culverts required in connection with the relocation and rebuilding of the Panama 
Railroad, rendered necessary by the creation of Gatun Lake. All future buildings 
of the railway will, so far as practicable, be of concrete construction ; and an 
important movement has been inaugurated at Colon, as a result of the recent 
disastrous fire, which will lead, it is believed, to a municipal regulation forbidding 


Fic. 22. 75cu. ft. “Chicago'’’ Mixer. 
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THE CONSTRUCTION OF THE PANAMA CANAL. 


any but fireproof construction in certain areas. In the meanwhile, in order to 
encourage such corstruction, the Canal Commission and railway authorities 
are proposing to make concrete blocks for sale at the lowest practicable price, and 
also to establish a gravel storage in or near the city from which concrete builders 
may draw supplies. 

Plans are now being prepared for extensive harbours at each terminal of 
the Canal—at the Atlantic end, on each side of the channel at the north end of 
Limon Bay, and on the Pacific side at Balboa ; and in both cases the masonry 
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will be of concrete. For immediate purposes, dock facilities at Balboa are to be 
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23. Concrete Mixing Plant, Gatun. 
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increased (т) by remodelling the steel pier now in use, and (2) by constructing a 
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concrete dock along the proposed anchorage basin north of the dock at present 
used for sand unloading. The reinforced concrete dock will be 700 ft. long and 
574 ft. wide, and is estimated to cost about £29,000, in addition to the £45,000 
required to defray the expense of dredging a 300-ft. channel leading to it. The 
preliminary plans provide for 8,200 cu. yd. of excavation for the piers for the 
dock, 7,000 yd. of concrete in the piers, 2,100 cu. yd. of concrete in the floors, 
624 lb. of steel reinforcement, and 25,000 cu. yd. of backfilling. This dock will 
form part of the “ safe and commodious " harbours at the Atlantic and Pacific 
ends of the Canal, provided for in the Act of Congress of June 28th, 1902. 

Concrete Mixing Plants.—Most of the concrete mixers installed at the 
various locks have capacities per batch of 75 cu. ft., 3 cu. yd. or $ cu. yd., and are 
of two types, manufactured respectively by the Municipal Engineering and Con- 
tracting Company and the T. L. Smith Company, both of Chicago. The largest 
machine, known in America as the “ Chicago improved cube concrete mixer," 
is, to all intents and purposes, an adaptation of the first form of machine to be 
used extensively in the concrete industry—namely, the cubical box, journalled 
at diagonally opposite corners, and having a door on one side through which 
the charge of cement, sand, stone, and water was filled and the batch of mixed 
concrete was emptied. Though mechanically crude, these machines produced 
an excellent concrete, the main objections to them being that, to discharge, the 
cube had to be stopped with the door at the bottom, and, to be recharged, had 
to be turned until the side containing the door came to the top—further time, 
of course, being lost in unclamping and reclamping the door. 

In the improved machine (see Figs. 22 and 23), which preserves the principle 
of treating the batch as a unit, includes both longitudinal and rotary movements, 
and mixes by kneading and not by stirring, many interesting modifications have 
been introduced. For example, the shaft of the older machines is replaced by 
hollow trunnions riding on rollers, and made sufficiently large to serve as openings 
for charging and discharging. To rotate the cube, a strong circumferential 
rack is fastened around it at right angles to and midway between the trunnions ; 
and this rack, geared with a pinion shaft, is so operated by the engine shaft that 
all gearing is removed as far as possible from the material which flies about 
during the charging and discharging operations. An automatic dumping device 
has been provided, and, to ensure the construction of a larger cube in the same 
space and eliminate any opportunity for pocketing the fine mortar, the former 
sharp corners and edges are rounded 

Each cube is provided with breaker rods, from § in. to I in. in diameter, so 
placed across each of the six central corners of the cube that as the machine revolves 
they slice through the mass of concrete, each following a different line, and 
effectually breaking any baked lumps or cakes found in the materials. Otherwise, 
the interior of the cube is free from paddles, deflectors, or other obstructions. 

The Smith mixer is likewise charged and discharged without stopping. In 
this machine specially arranged blades combine, with the double conical shape 
of the drum, to produce an alternating sideways movement of the materials 
simultaneous with the “© rolling over " movement of the batch, assuring a perfect 
mix practically as soon as the materials are put into the machine. The side- 
loading attachment tends to materially reduce labour costs, and at the same 
time increase the capacity of the mixer. A more detailed and fully-illustrated 
description of this machine was published in our June issue. 
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ОИЕ WA) RECENT VIEWS ON 
ERAN Ml CONCRETE AND REIN- 
ORCED CONCRETE. 


It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, «ve believe, a 
new departure. —ED. 


THE CANADIAN CEMENT AND CONCRETE ASSOCIATION. 
CONCRETE SURFACE TREATMENT. 


Paper by Mr. ROBERT CATHCART. 


The Third Annual Convention of the Canadian Cement and Concrete Association was held in Toronto 
in March last. Many interesting and instructive papers were presented on that occasion, and in this issue 
we give a summary of that read by Mr. Robert Cathcart on ** Concrete Surface Treatment." We shall 
deal with the others at a later date. 


TH& plans and modes of surface exterior treatment to large, massive work, such 
as bridges, abutments, reservoirs, etc., sometimes to exterior factory construction, are 
operated by both the mechanical and chemical treatment. 

Mechanical treatment is executed either by skilled or unskilled labour, or mechanical 
devices, in the following manner— picked, scraped, rubbed when green, bush ham- 
mered, tooled, sand blasted, etc. All of the treatments are more or less expensive ; 
in many cases the workmen have stunned the corners, and the surface generally 
gathers dust and dirt from the atmospheric gases, which tend to destroy or disintegrate 
the surface in time. They generally are for effect only and give no great weather 
resistance to the surface. In fact, they are unfavourable to many conditions of 
construction, and in some cases only a makeshift to betterment. 

Chemical Treatment.—Chemical treatment is also an unskilled or skilled labour 
treatment, with commercial muriatic acid, acetic acid, etc., diluted in water, consisting 
of cutting the scum surface to relieve the hidden aggregates. It is also a more or less 
expensive operation, and the non-uniformity of the surface, combined with its chemical 
action, does not put it into special favour, although such processes have been patented. 
The muriatic acid is liable to stain the surface, and leave salts that will form a soluble 
alkali in combination with the concrete and produce an efflorescence on the surface. 

Veneer Treatment.—The veneer treatment to outside walls, with plaster, has 
proven quite unsatisfactory for many reasons. The bond to the concrete has generally 
been weakened by the percolation of water through the plaster to the concrete surface 
which has caused a loss of adhesion, strength and permeability. 

The outward influences, such as the sun's rays, frost, rapid wetting and drying, 
cause shrinkage of the veneer surface, loosening all soundness of adhesion, resulting 
in cracking and scaling. 

Thus it would look as if no plaster should be applied to exterior walls where 
dampness could possibly lodge itself. 

Coated Surfaces.—Coated surfaces are those, generally speaking, that have had 
cement grouts or washes applied to them. These are never stable, and are generally 
used to fill up the unevenness of the surface without regard to their lasting qualities. 
In fact, they are dangerous surfaces to apply any surfacing materials to because of the 
unstableness of the bond. 
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Floor surfaces are tricky, because no man finishes the entire area of surface, and 
they should be rigidly covered by inspection before operating anv treatment. 

The obstructions or obstacles to concrete surfaces that demand treatment for 
preservation and service are external influences on concrete surfaces, such as heat, 
cold, sunshine, water pressure, percolation, show their effects in two forms of dis- 
integration—mechanical and chemical—defined as follows : 

Mechanical—A consequent washing away of the softer constituents from the 
surface by the softening action of water, due to frost, the alternating action of the 
sun's rays, resulting in a periodical expansion of the other surface. 

Chemical.—The proportion of carbonic acid gas, oxygen, water, and gaseous 
products of combustion in the atmosphere, a separation of scales, sometimes thin and 
thick, which by accumulation and an infiltration of strange matter into the pores 
cause a peeling from the surface. In other words, you get a condition of disintegration 
or corrosion, from both within and without, which has been termed “ wall rot proper.” 

The lodging of the soluble salts upon the surface is efflorescence, and mainly due 


to such conditions as above mentioned, although local conditions and materials govern 
its area of trouble. 


The Need of Coatings and Kind of Materials.—To produce a material for surface 
coating on concrete has been widely discussed pro and con by all scientific bodies. 
Plaster has been found to be unreliable for exterior surface ; grouts are unstable. 

To obtain an alkali and acid-proof vehicle with a pigment that will have sufficient 
wearing body has been the aim of the engineer, contractor, consumer, and manufac- 
turer. Thus we will consider a few of the essential factors : 

I. Materials should contain a vehicle and pigment working in harmony with 
the conditions upon the surface. 

2. They should contain an acid and alkali sun-proof colour and pigment. 

3. They should be sufficiently heavy to fill the surface voids and stop suction. 

4. They should have a sufficiently hard-wearing surface to allow successive 
coats without further treatment of the surface. 


5. They should produce a finish sufficiently close to the texture and originality 
of the surface. 


Treatments.—Trcatments of concrete surfaces are divided into two divisions, as 
follows : 

1. The shallow or superficial method of treatment is a filling of the voids near the 
surface without discolouration. It is one that was much sought after in the early 
stages of concrete work, especially on concrete blocks, etc. 

Although the monolithic type of construction has gained more favour in larger 
construction, the mechanical and chemical treatments of surfaces, as outlined, are the 
surfaces most in need of a shallow or superficial treatment. 

Cement bricks, blocks, cast stone, are also surfaces that need a light treatment. 

2. The physical or external method or treatment is a coating of natural materials 
as a preventive of contact between the elements and the construction. The treatment 
should be defined under two divisions : 


(1) Damp-proofing and decorative, without complete obliteration of the texture 
of the surface. 


(2) Water-proofing only, without the decorative feature, and complete obliteration 
of the texture of the surface. 

Under the first division you have a combination of results against the mechanical 
and chemical disintegration of the surface as defined for exterior surfaces. The 
operation should be twofold in its purpose—damp-proofing and decorative in one 
operation, without destroying the texture of the surface. 

Under the second division comes the subject of water-proofing (defined by Webster 
as proof against penetration), which may mean everything or anything, and we are 
sure the word has been handled improperly as to its meaning, because of our undving 
enthusiasm on the subject, although it may only mean damp-proofing, instead of 
water-proofing. 

Water-proofing is an engineering problem of much discussion pro and con and 
does not enter into the subject of concrete surface treatment. 
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Specificatlons.—The following essentials should be strictly adhered to to ensure 
results for the surfacing of concrete : 

All exterior or interior surfaces must be free from loose scales, sand, grit, oil or 
other foreign matter. Surfaces can be freed of such materials by either scraping, 
wire-brushing or scrubbing with carborundum brick. 

No muriatic acid or other acid treatment should be used unless the surface is 
afterwards thoroughly neutralised bv water or a light alkaline solution. 

Green surfaces should be trcated with a thin coat of surfacing materials to aid 
the neutralisation of the free lime, and to fill the voids upon the surface. 

After the first coat is applied evaporated patches should be re-coated to ensure 
evenness on the future coats. All surfaces should be dry and free from moisture, to 
give perfect adhesion. Exterior surfaces of buildings should be protected from rain 
or heat while drying. 

Costs.—Physical or external treatment: The figures, including the cleaning and 
preparing the surface under ordinary conditions on two-coat work, are generally 
estimated at 25 c. to 40 c. (1s. to 1s. rod.) a square yard. 

The covering of a concrete surface is about one-half that of lead and oil on wood, 
first coat ; and two-thirds of lead and oil on wood, second coat ; and equal to lead 
and oil on wood on the third coat for exterior surfaces. The labour for the physical 
coat treatment is about one-third greater than the application of lead and oil on 
wood for exterior surfaces. 

i On concrete floors the covering of a concrete coating or dressing runs from 200 
sq. ft. per gallon, first coat, to 400 sq. ft., second coat, according to condition of surface. 

The shallow or superficial method or treatment on coating two coats costs about 
one-third to one-half per sq. yd. less than the superficial or external treatments, de- 
pending upon conditions. 

The operator must be carcful of the first or priming coats, as they are the founda- 
tions for a perfect bond and neutralisation of the surface for successive coats. The 
operator should produce a surface texture without destroying the originality of the 
surface. 

No surface is free from dirt and foreign matter, and it requires the removal of 
such substances, either by wire brushing or a light acid treatment, to remove stained 
portions, in order to sccure a firm bond and penctrating quality to the surface. 


NATIONAL ASSOCIATION OF CEMENT USERS. 
WATERPROOFING WITH WATER. 


Paper Ьу CLOYD M. CHAPMAN. 


Below will be found the text of a paper read by Mr. C. M. Chapman before the Seventh Annual 
Convention of the National Assoctation of Cement Users of America. 


Ir is of the first and greatest importance in the making of a waterproof concrete that 
the sizes of the particles shall be so proportioned that the mass shall be of maximum 
density, and therefore of minimum voids. Yet, after the utmost diligence has been 
employed in the sclection of the mixture and in thc proportioning of it, there are other 
factors still to be considered, one of which, very often not considered, is the amount 
of water to be used. 

It has long been recognised that the quantity of water used in mixing concrete 
has a large influence upon the impermeability of the resulting mass. This fact has 
been well established, and most works on the subject of concrete, however brief, call 
attention to it. That impermeability may be regulated to some extent by the amount 
of water used is of great importance to the concrete trade. It is perhaps of as great 
importance to the block makers as to any other branch of the industry. We frequently 
read the claims of the block machine makers to the effect that this or that machine 
produces an impervious block, because it is made “ wet," or '' semi-wet,”’ or '' dry,” 
but we doubt whether it is generally realised what a large difference in permeability 
a small difference in the percentage of water used will make. 
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The theory is generally held, we believe, that other conditions being the same, a 
wet mixture makes a more waterproof concrete, and that a dry mixture produces a 
more porous mass, unless very tightly compacted by much hard tamping or enormous 
pressure. 

It was in an endeavour to make a very spongy porous concrete for a special 
purpose that Westinghouse, Church Kerr & Co. made up a series of blocks with varying 
percentages of water, and noted the grcat difference in porosity made by slight changes 
in the percentage of water used. The blocks used in this series of experiments were 
about 34 in. by 34 in. by 2 in. high, with a circular depression or cup in the top about 
24 in. in diameter, and r in. deep. 

Some of these blocks were made of I : 2 and 1 : 3 mixtures of Portland cement 
and a good grade of building sand, while others were made of the same mixtures of 
cement and crushed granite screened through a five-mesh sieve. 

The moulds were of wood, and the mixtures were tamped in by hand with a light 
tamper. A metal bell was used to form the depression or cup. In some cases the 
blocks were allowed to set in a damp closet for 24 hours before being exposed to the 
air ; while in other cases the blocks were left in the air to set as soon as made. The 
dav after being made the inside surface of the depression was brushed with a wire 
brush to remove any cement film or laitence from the surface, which might affect the 
results. When the blocks were one week old, 30 cubic centimetres of water was placed 
in the depression of each block, and the time noted which was required for the block 
to absorb all the water. 

After the first test the blocks were allowed to dry out, and were again tested at 
two weeks old. After the second test they were exposed to the weather on the root 
and tested again at the end of a month. Many blocks were made of each mixture of 
materials and of each percentage of water, and the average time taken in absorbing the 
water was used in comparing results. In all about 230 blocks were made and tested. 
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Fic. 1. DIAGRAM SHOWING RATE OF ABSORPTION. 


The curves in Fig. 1 show graphically the results obtained at the first test when the 
blocks were one week old. The upper curve represents the results obtained on the 
blocks which were placed for 24 hours in a damp closct before being exposed to the air, 
and the lower curve shows results on blocks dried in air immediately after making, 
and not sprinkled. The ordinates represent the time in hours required for the block 
to absorb зо cubic centimetres of water placed in the depression, while the absci: sæ 
represent the amount of water used in percentage of the total weight of cement and 
aggregates. It will be noted that the results obtained with blocks which set in the 
damp closet were considerably better than those obtained with the blocks which set 
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in dry air. There was so little difference between the results at the end of a week 
and those at the end of two weeks and one month that only results at the age of one 
week are shown. The other curves would practicaly coincide with these. While 
the best percentage of water probably varies with different cements and aggregates, 
and should be determined for any particular combination that is to be used, yet it is 
evident that for the cement and sand used in these experiments the amount of water 
should lie between 13 per cent. and 16 per cent. of the total mixture by weight, if the 
blocks are to be cured in a damp place. When exposed to the air immediately after 
making, somewhat more water should be used—say, between 14 per cent. and 17 per 
cent. The point we wish to emphasise is the importance of using the right amount 
of water. We cannot state that under other conditions the percentages given here 
will be correct. The above expcriments indicate, not the amount of absorption of the 
blocks, but the rapidity or rate of absorption. 

` After the blocks had had their third test at the age of зо days, they were dried 
out for a week in a warm room, carefully weighed, and then immersed for 24 hours 
in water. Thesurplus water was then wiped from their surface, and they were weighed 
again. Fig. 2 shows graphically the results of this series of absorption tests. In this 
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Fic. 2. DIAGRAM SHOWING AMOUNT OF ARSORPTION. 


curve the ordinates represent the percentage of water, by weight, absorbed by the 
dry blocks during 24 hours’ immersion, while the abscissa represent the percentage of 
water, by weight, used in mixing the concrete. The relation to the former curves is 
at once apparent. The least absorption occurs with about 14 per cent. of water, and 
it is fairly uniform between 13 per cent. and 15 per cent. By either method of deter- 
mination—that is, by rate of absorption or by amount of absorption—we arrive at the 
same conclusion. A concrete may be too wet or too dry to produce the most imper- 
meable product, and one extreme is as surely an evil as the other, if it is impermeability 
we seek. 
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NEW WORKS IN CONCRETE 
AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


REINFORCED CONCRETE 22r SUPPORTING TOWER OF HOLY TRINITY 
HURCH, KINGSWAY. 
IN connection with the € of Holy Trinitv Church. Kingsway, a reinforced 
concrete raft was constructed to support the main tower. 

The total weight of the church tower when completed will be about 2,500 tons, 
but at present this portion will not be carried bevond the level of the church roof, 
which represents a weight of about 1,200 tons. 

Owing to the settlement which must necessarily taxe place when the remaining 
1,300 tons is added at some future date, the tower foundation has been designed 
to be entirely independent of that of the front or entrance portion of the church, 
or of the body of the church itself, and intentional lines of weakness are arranged 
on each side of the tower. Any such settlement of the tower will not interfere with 
the remainder of the building, and will then involve very slight repairs. 

The reinforced concrete raft itself measures 30 ft. by 33 ft., and consists essen- 
tially of a lower slab supporting two main beams, on which the four corners and 
intermediate walls of the tower rest, the lower slab itself being stiffened by means 
of small cross-beams running between the main beams and beyond same to the edge 
of the slab. The slab is 12 in. thick, the two main beams on the top of the same 
are 4 ft. wide by 4 ft. 3 in. deep, and the seven cross-beams are 2 ft. wide by 2 ft. 9 in. 
deep. 

The raft rests on an irregular bed of sand and gravel, and it was consequently 


REINFORCED CONCRETE RAFT AFTER COMPLETION 
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considered necessary to specially stiffen and strengthen this foundation to ensure 
a uniform spread of the load over the whole surface, and a uniform settlement. 


View showing Reinforcement in Position. 
REINFORCED CONCRETE RAFT SUPPORTING TOWER ОЕ HOLY TRINITY CHURCH. 


Patent indented steel bars were used throughout. The architects for the church 
are Messrs. John Belcher, R.A., and J. J. Joass ; the consulting engineer, Alexander 
Drew, Esq., M.I.Mech.E.; and the contractors, Messrs. G. Godson & Sons, Kilburn, W. 
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By CONSTRUCTIO EIGHTY-FOOT CONCRETE GIRDER. 


AN EIGHTY-FOOT CONCRETE GIRDER. 


A REINFORCED concrete warehouse which has recently been completed for the Hood 
Rubber Co. at East Watertown, Mass., contains a feature of design which is unusual 
from several points of view. This is a set of reinforced concrete roof girders which 
have a clear span of 80 ft. These immense girders span the crude storage room, 
which has a height of four stories, and is designed to be served by a crane loading 
and unloading the stored rubber on any of the various floors of the manufacturing 
section of the building. Along one side of the storage room are galleries, on the 
second and third floor levels in which machine work will be done. 

The storeroom is 180 ft. long by 8o ft. wide, and by reason of the roof girders 
contains no columns whatever. The girders are 9 ft. 6 in. in depth, with a web 8 in. 
thick, and are designed to carry a flat concrete roof. Just below these trusses are a 
set of brackets formed 
on the concrete columns 
on either side of the 
storeroom for the sup- 
port of the crane rail. 
This unusual construc- 
tion was adopted as the 
ultimate solution of the 
problem of construct- 
ing a reinforced concrete 
building for warehouse 
purposes which may at 
some time in the future 
be changed over into 
an ordinary factory 
building. The entire 
design was perfected 
with an eye to this 
development and the 
future introduction of 
the usual concrete 
column and beam con- 
struction or mushroom 
flor construction 
throughout what is now 
the storeroom. 

Another future pos- 
sibility which had to 
be considered in de- 
ciding upon the design 
was the addition of 
one, two, or three more 
stories. In case these changes are made a minimum of concrete need be removed 
from the girders to provide for columns, and it is expected that the storeroom may 
be transformed into an ordinary factory building at a minimum cost. The 80 ft. 
girders support 7 in. by 18 in. longitudinal stringers, which are set 5 ft. on centres, 
and carry the 4 in. flat concrete roof slab. 

The reinforcing for the long girders was designed by the designing engineer of 
the building, Mr. Henry F. Bryant, of Brookline, Mass., so that the stress should 
nowhere exceed 20,000 lb. per sq. in., and it is confidently predicted that there will 
be no serious deflection or stretch-cracks in spite of the unusual length of span. 

As will be seen by a glance at the accompanying drawing of the reinforcement 
the tension steel bars used are unusually long, the majority being about roo ft. in 
length and 1} in. by 1} in. in section. Special work was required on the part of the 
rolling mill to get out these unusually lengthy reinforcing bars. The main tension 
reinforcement of these girders consists of ten 1}-in. square bars, arranged as shown 


View of Interior. 


Hoop RUBBER Co.'s BUILDING, EAST WATERTOWN, Mass. 
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Side Elevation of 80 ft. Girder. 
Hoop RURBER Co.'s BUILDING, EAST WATERTOWN, Mass. 


CONCRETE, 


in the detail. For the dia- 
gonal reinforcement  -in. 
corrugated square bars, 
arranged in pairs on either 
side of the centre, were used. 
Between the centre and 
either end the diagonal rein- 
forcement consists of j-in. 
and 14-іп. square bars. The 
end shear is taken by three 
i-in. square corrugated bars, 
which аге carried down 
diagonally, as shown in the 
drawing. Four 1}-in. corru- 
gated bars reinforced the 
roof stringers, and the roof 
slab is reinforced by {-іп. 
corrugated bars set diagon- 
ally 6 in. on centres. One-half 
in. corrugated bars were used 
in making up the stirrups. 
Considerable saving in total 
weight of the trusses has 
been accomplished by leaving 
hexagonal openings at various 
points not subject to stress. 
This procedure in no way 
impaired the strength of the 
girders, and at the same time 
made them considerably 
lighter. In the truss at the 
end of the building these 
spaces are utilised for win- 
dows. This truss carries a 
concrete block and brick 
cornice, and, being the end 
girder, its main tension rein- 
forcement consists of seven 
instead of ten r]-in. bars, 
the lower flange being cut 
away on the outside to pro- 
vide for a sill. 


Naturally, in casting 
such girders as these, which 
are the longest ever designed 
in New England, unusual care 
had to be observed. Particu- 
larly was this true because 
of the fact that the entire 
building operations took placc 
in mid-winter. Accordingly, 
the contractors, the Aber- 
thaw Construction Co., of 
Boston, Mass., observed par- 
ticular caution in mixing the 
concrete and  insuring it 
against freezing. Forthe latter 
purpose a combination of the 
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ER EIGHTY-FOOT CONCRETE GIRDER. 


two usual methods of protecting concrete in winter — that is, by raising the 
temperature of the concrete, and, second, by lowering its freezing-point—was 
employed. A certain amount of salt was dissolved in the water used in order to 
lower the freezing-point, and at the same time the different constituents of 
the aggregate were heated by means of steam-pipes before going to the mixer. 
As an additional precaution the temperature of the entire building was main- 
tained at about 30° above the outdoor temperature by enclosing the open spaces 
in the outer walls with sailcloth and burning coke in salamanders at various points 
in the structure. Holes were left in the forms at various points in the intermediate 
floors to ensure the rising of warm air to the upper stories in the manufacturing section 
of the building. 

Alongside the spur track on which the carloads of cement, stone, and gravel 
were received a steam-pipe was run, with tees at various points. Steam hose con- 
nected to these tees was carried into the bottom of each stone-filled car, and thus 
the entire carload heated before going to the mixer. The sand, which was dug on the 
premises, after being screened was piled up over steam-pipes laid on the ground, 
and after being thoroughly warmed was carried to the mixer in a pit under the main 
floor at the centre of the building. 

By pursuing the work through the cold weather it was possible for the Aberthaw 
Construction Co. to turn over the completed building to the owners four or five months 
earlier than could possibly have been the case if building operations had been post- 
poned until the arrival of warm weather. Henry F. Bryant, of Brookline, Mass., 
was responsible for the entire design of this unique building, and had general super- 
vision of its erection. 


REINFORCED CONCRETE FOOTBRIDGE AT STOCKBRIDGE, Mass. 


A UNIQUE CONCRETE FOOTBRIDGE. 
THE use of reinforced concrete for light construction work of considerable propor- 
tions is exemplified by the unique and artistic footbridge erected over the Housatonic 
River at Stockbridge, Mass. 

This bridge has a clear span of тоо ft. in length, with a rise of only 10 ft. The 
width of the bridge is 7 ft. 6 in. The arch is 7 in. thick at the crown, and is rein- 
forced with 7-in. I-beams. The bridge successfully withstood a test load of 25 tons 
at the centre before it was opened to the public. We are indebted to the Concrete 
A ge for our illustration. 


COMBINED BRICK AND CONCRETE CULVERT AT BLYTH. 
THE combined brick and concrete culvert at Blyth is of 3 ft. internal diameter, 
1,800 ft. long, formed of two rings of brickwork, and surrounded with concrete, 
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The culvert is included in a contract for certain bridges, etc., let by the North-Eastern 
Railway Co. to Mr. T. Telford Gibb, contractor, of Westminster, and will be handed 
over to the Blyth Urban District Council on completion. The Blaw system of 
collapsible steel centering was used in this work. 

Steel centres in segments of 5 ft. in length were used for forming the concrete 
invert 4 ft. 6 in. in diameter, and for the top half of the brickwork centres, 3 ft. in 
diameter, the centering was set in lengths of 50 ft. at a time. 

The excavation being down to the full depth, 9 in. of concrete was deposited 
in the trench, bringing it up to the level of the bottom of the invert ; then the 
4 ft. 6 in. centres were placed on the top of this, being held in position and prevented 


COMBINED BRICK AND CONCRETE SEWER, BLYTH. 


from rising by timber placed at intervals over the top and wedged against the sides 
of the trench. The concrete was rammed in round the centres and allowed 
to set, and the centres then removed. The brickwork for the bottom half of the 
culvert was then built, and on the top of this the 3-ft. diameter centres were placed, 
and the upper half of the culvert brickwork built on these.  Thereupon the 
remaining concrete was formed on the top of the brickwork. 

The steel centres were withdrawn bv tightening the union nuts, which withdrew 
the centres from the formed brickwork or concrete; the union nuts were then loosened 
and removed with the rods, and the centres were drawn forward; then 
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the rods were replaced and tightened up, and the centres were then ready for further 
use. The centres made a very smooth and perfect surface on the concrete and joints 
of the brickwork, and, excepting brushing, have not needed to be cleaned or repaired 
in any way. This Blaw system of centering was used for the culverts in connection 
with the Panama Canal locks at Gatun, described in our May issue. 


CRASTER PIER AND HARBOUR WORKS. 


REINFORCED concrete was used throughout the construction of both the piers at 
Craster Harbour, which was formed by excavating the solid basalt in which the 
place abounds. 

The harbour has a water area of about 1} acres, with a depth of 141 ft. at high 


CONCRETE Piers AT CRAsTER HARBOUR. 


water. The north pier is 170 ft. long, the south pier 190 ft., and the west quay is 
210 ft. long. 

The concrete was mixed in the proportions of 1 part Portland cement, 2 parts 
sand, and 3 parts crushed whinstone, the sand and whinstone being obtained on 
the spot. 

In the last section of the south pier reinforced concrete piles were required, 
and Messrs. Brims & Co., of Newcastle, undertook this. They attempted to drive 
these reinforced concrete piles while afloat, working from a lighter, but as the seas 
were so heavy that method of driving had to be abandoned, and a cantilever staging 
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was erected, from which the piles were placed and driven. Very large and trouble- 
some boulders were encountered throughout the whole of this undertaking, but 
although this method of driving the piles was a very rare one, it has succeeded admir- 
ably, and the construction of the harbour is most successful. Messrs. McLaren & 
Frowde, Ltd.. were contractors for the rest of the reinforced concrete work. Messrs, 
Sandiman & Son, of Newcastle, were the architects for the whole undertaking, 


HALL OF RECORDS OF REINFORCED CONCRETE. 

EXPERIENCE of the past few years has demonstrated the fact that reinforced con- 
crete is the ideal construction where immunity from fire risks is the chief considera- 
tion. This was the main factor that influenced the authorities of Kern County, 
Bakersfield, California, when they decided to build the Hall of Records of that 
material. Messrs. Train & Williams, of Los Angelos, were the architects for the 
construction. 

The building is of one story and a basement, covering an area of 94 ft. by 
106 ft.. and is absolutely fireproof, the walls, floors, and ceiling being of reinforced 
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Harr or RECSRDS, BAKERSFIELD, CAL. 


concrete. The main feature of the building consists of a recorders' room, 8o ft. sq. 
inside measurement, 20 ft. high between floor and ceiling, with four circular reinforced 
concrete columns in the centre, 27 ft. apart (equal distance), supporting a concrete, 
galvanised steel and wire glass dome 22 ft. in diameter. 

The main floor, ceiling, and roof construction is of concrete beams and girders 
between the four columns and the wall piers in the following manner, four bcams 
of 27 ft. span being framed into girders of the same span, each being reinforced with 
four bars bent into truss form. The panels between beams are of 74 ft. span, being 
3 in. to 6 in. thick, reinforced with bars or rods in both directions. 

The columns are reinforced with round rods, and the piers, flat, from 6 ft. to 8 ft. 
square, are reinforced in the bottom footing only, with rods in both directions. Con- 
crete used was in the proportion of 1 to s. 

The exterior is of the Italian Renaissance style, with Ionic detail for capitals, 
bascs, courses, architraves, and ornaments rendered in pressed brick, artificial cement 
stone, and cement ornament and wire glass. 

The front portico circular columns are cast cement reinforced, cast in wood 
moulds carefully made to proper size and entasis. 

The main room, foyer, private office, portico, and lavatories, ctc., are floored 
with cement and American encaustic tile (mosaic) in patterns. 

The basement proper is 36 ft. by 75 ft., and is approached from the rear cutside 
and from the side entrance on first floor by means of reinforced concrete stairs. 
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By CONSTRUCTIONAL. REINFORCED CONCRETE FOOTBRIDGE. 
THE ISLAND BARN RESERVOIR. 

In our last issue we gave some interesting particulars of the Island Barn Reservoir. 
As it was quite a new departure to line a reservoir of such a great size with concrete 
blocks, we are now giving a further illustration which shows in more detail the 
great extent of the work. 

Altogether for this contract 100,000 '' Winget ” rock-faced concrete blocks were 
used, each block being 32 in. by 8 in. by 8 in. solid. The contractors for the work 
were Messrs. Robert McAlpine & Sons, of London and Glasgow, who used four “ Win- 
get " machines. The guaranteed output per day for each machine is 200 blocks, but 
owing to the speed organisation of the contractors, and increased gang of men, the 
average output on this work was over 400 blocks per day. То produce these 100,000: 


CONCRETE BLOCK LINING TO THE ISLAND BARN RESERVOIR. 


blocks nearly 1,500 tons of cement were used, and this was supplied by the 
Associated Portland Cement Manufacturers (1900), Ltd. 


NEW ENTRANCE TO EDGWARE ROAD STATION. 
THE new entrance to Edgware Road Station, on the Metropolitan Railway, consists 
of a booking hall and office at street level, carried on steel joists over the company's 
lines, a gallery carried on steel joist cantilevers leading from booking office to the 
up-platform, and a steel joist footbridge continuing the gallery to the down- 


platform. 

The new booking office fronts on to Marylebone Road, and forms a direct entrance 
to the present station. The floors of booking office, gallery, and footbridge are all 
carried out in reinforced concrete. The concrete was mixed in proportion 3:2 : I, 
the aggregate being screened gravel and sharp sand. 
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The spans and sizes of bars are given in the table below. All the bars 
have been supplied by the Patent Indented Steel Bar Co., and are their standard 
square section bars of steel having an elastic limit of 22 tons. 


EDGWARE ROAD 
STATION 


REINFORCED CONCRETE FOOTBRIDGE, EDGWARE ROAD STATION. 


The top 1 in. of concrete is finished, whilst still green, with Labour's patent paving. 


Span Thickness Span Bars Tie Bars 
Booking Hall 11 ft. 6 in. 5 in. l-in. bars, 6 in. centres j-in. bars, 2 ft. centre 
Gallery 11 ft. O in. 4 in. Bd. as 3210. wi Zin: у. XE 4 
Footbridge 6 ft. 6 in. 3 in. TEE $6 5 as х us 


The engineer to the Metropolitan Railway is Mr. W. Willox, M.Inst C.E. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presenled as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimenta: 
stage of such new applications of these materials. The use of reinforced concrete as a 
Substitute for timber in exposed positions is one of the questions of the moment. Railway 
Sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork where structures of great height are required. —ED. 


CONCRETE SLAB DWELLINGS. 


THE system of construction described in this article, particulars of which are taken 
from the Cement Age, was the outcome of a special study of the design of model 
dwellings in order to reduce their cost, and at the same time to secure absolutely fire- 
proof construction, 

Mr. G. Atterbury, F.A.I.A., who had devoted considerable time to this question, 
and had studied the various methods in use in Europe and America, came to the con- 
clusion that the solution of the problem lay in the standardisation not only of the 
general plan, but of its various units and structural elements, combined with proper 
organisation of the work of erection. He prepared a tentative programme for the 
construction of concrete tenements for the Russell Sage Foundation, which is a fund 
created by Mrs. Sage, of New York, to provide for “ the improvement of social and 
living conditions '" among the poorer classes. 

A series of studies in economic construction was undertaken with the following 
objects : 

1. To study and compare the various constructional systems, in use or proposed, that 
offer any promise of the desired economic results. 

2. In connection with this to determine the feasibility of a unit system of design, and the 
extent and the types of building to which standardisation may be successfully applied, provided 
the preliminary experiments go to show the economy and feasibility of a standardised 
and ready-made dwelling house. 

3. To devise and conduct certain experiments as to new methods of construction, and 
to make a demonstration of the commercial and philanthropic value of the results thereof, 
if such results should appear to justify the necessary expenditure. 

4. To undertake a special study of concrete construction, inasmuch as the use of some 
form of cement construction appears to offer the most promising field for radical saving 
in cost, and especially in view of the resuits of my own preliminary studies and experiments. 


Fic. 1l. SETTING BASEMENT WALLS. 


The results of the studies showed that the theoretic solution of the problem” must 
consist of “ the employment of a more or less standardised shop-made and completely 
finished building section or unit of the maximum economic size.” 
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The practical solution of the problem is given in the account below of one of 


the Sage Foundation Houses, 
which was designed by Mr. 
Atterbury, and although built 
primarily as an experiment, 
it has been occupied for some 
time with entire satisfaction 
to its tenants. 

The house has а floor 
area of 18 ft. by 281 ft., and 
is built of 170 separate blocks, 
consisting of тот wall window 
panels, door heads, and chim- 
ney blocks, 20 floor blocks, 
12 roof blocks, and 37 parti- 
tion blocks. 

The process of construc- 
tion will be seen from our 
illustrations. 

Some of the houses are 
plastered inside direct on the 
sectional concrete slabs, and 
the floors are also top-dressed 
with mortar after the slabs 
are in position; but in the 
house in our illustration no 
plastering was used, the slabs 
being of such smooth finish 
as to render this unnecessary. 

The sectional blocks of 
the basement walls are set 
direct on the floor, forming 
the basement as shown in 
Fig. 1. These blocks are 
3 ft. 9 in. wide, 8 ft. high, 
and 9 in. thick. Thev consist 
of hollow tubular sections, 
tongued and grooved together, 
the joint between the block 
and the floor being grouted 
perfectly tight after being set 
in place. These wall blocks 
are of hollow sectional con- 
struction. 

The first-floor blocks are 
then laid in place, being 
bedded in mortar directly on 
top of the wall blocks. These 
Lind the walls together, there 
being no horizontal joints in 
bearing walls intermediate 
between the floor levels. The 
floor blocks are 8 in. thick, the 
largest being 9 ft. by r1 ft., and 
weighing about 2} tons each. 

The stairs are cast in one 
piece, and set as is shown in 

Fic. 3. SkrTTING A WALL BLOCK: Fig. 2. 
Fig. 3 shows the setting 
of a block of the first-story walls, showing the finish of the outside surface, and the 
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CONCRETE SLAB DWELLINGS. 


lifting tongs. These blocks are mostly 6 ft. wide, 8 ft. high, and 9 in. thick, and 
weigh about 1} tons each. 

Fig. 4 shows the setting of the first block of the second-story floor, showing also 
the method of lifting the blocks by chains fastened into lewis holes near the edges 
of the blocks, where the holes will be subsequently covered by the wall blocks. 

Fig. 6 shows the erection of the second-story walls, and Fig. 5 the erection of the 
roof gables ; this figure also shows very clearly the comparative size of the tower 
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Fic. 6. ERECTING SECOND-SToRY WALLS. 


erecting crane, which has an arm extending over and far above the entire house, so 
that any block can be taken from the storage pile and set in exact position by simply 
Swinging the arm. 

Fig. 7 shows the placing of the roof block, the largest of these blocks being 
5 ft. 6 in. thick. and weighing about 3 tons. The blocks are made with an over- 
lapping joint similar to the overlay of tile, and form a water-tight roof. 

The house has a floor area of 18 ft. by 28} ft., and is built of 170 separate blocks, 
consisting of 101 wall window panels, door heads, and chimney blocks, 20 floor blocks, 
12 roof blocks, and 37 partition blocks. 

As is seen by the above example, the Atterbury sectional construction consists 
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of moulding large hollow blocks, using as many blocks of one size as is consistent with 
the design. Aiter these blocks are moulded and hardened, they are transported to the 
site of the building and erected by the use of a power crane. The whole process is 
simple, very rapid, and requires only a small amount of labour. 

Material.— In all of this work the concrete used consists of a good grade of Portland 
cement, clean, sharp, well-graded sand, the ordinary proportions being 1 volume of 
cement, 2 of sand, 2 of gritts, and 2 of gravel. These materials are well mixed with 
water to a thin paste and poured into the moulds. 

Moulds.— The present moulds for wall blocks can be opened or closed in less than 
two minutes, and allow of the casting of a block up to 6 ft. wide, 10 ft. high, and 3 in. 
{о 18 in. thick, in about 15 minutes, and the removal of this block from the mould 
and cores within 8 or ro hours afterwards and set in storage. 

Finish.—The forms are all constructed of steel, which gives a smooth, glossy 
finish to the concrete. For outside work this smooth finish is left as a border, and a 
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Fic. 8. VIEW or FINISHED DWELLING. 


panel formed by running the other part with a wire brush to expose the gravcl 
aggregate. 

Floor Blocks.— Floor and roof blocks are cast flat, as it is more convenient to 
properly place the steel reinforcement and to trowel down the exposed surface to a 
smooth, hard sidewalk finish. А frame is first set up, the reinforcement placed, and 
the cores all lowered into place at once ; the concrete is then placed, and the upper 
surface coloured to suit and trowelled smooth. When the concrete is sufficiently 
hardened, the cores and frame are removed and reset above, and the blocks built one 
on top of the other until a high pile is constructed. 

Joints.— The joints between wall blocks are formed by a tongue and groove, the 
tongue fitting loosely, or by two grooves and a spline. 

After setting the blocks this joint is run full of 1 to 2 mortar, making everything 
solid and water-tight. 

Erection.— The blocks are pigs by a travelling crane. This crane is operated 
by electricity, and has a capacity of 5 tons and a radius of action sufficient to cover 
two houses at once, or by moving i uaa it can work on any number of houses 
in a row, 
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A short summary of some of the leading books which have appeared during the last fex» months. 


“Notes on Irrigation Works.” By N. F. 
Mackenzie, Hon.M.A., M.Inst.C.E. 


London: Constable & Co., Ltd.. 10 Orange Street. 
Leicester Square, W.C. Price 7/6 net. Demy ovo, 
112 pp. t vi.i. 


Contents.—Introductory—Statistics Re- 
quired for Preparing an lrrigation 
Project—Types of Weirs—The De- 
velopment of Irrigation in Egypt 
since 1884—On the Design of Irri- 
gation Channels—lIrrigation Revenue 
and Land Revenuc in India. 


The subject of irrigation is, of course, 
of foremost importance in India and 
Egypt, and it is becoming of immense 
importance to other countrics—in par- 
ticular, North America and South Africa. 
There have been a fair number of large 
treatises on the subject published of 
recent years, but we are very glad to 
welcome this little book, which forms a 
most interesting and admirable intro- 
duction to the subject generallv. The 
book consists of lectures addressed to 
students of engineering and of geography, 
and delivered under the auspices of the 
Common Fund of Oxford University in the 
winter of 1909. The author was until 
lately Under-Secretary for Irrigation to 
the Government of India, and he is a 
master of his subject. 

The author refers to the great irrigation 
works of ancient Chaldea and Assyria, 
and Colorado and Arizona; the former 
of which may shortly be restored by Sir 
William Willcocks—the effect of which 
on the world’s grain markets cannot as 
yet be gauged. With such examples be- 
fore us we gain some idea of the great 
province of the irrigation engincer, and 
the immense possibilities of the extension 
of irrigation works throughout the world. 
In great part the chief engineering worxs 
of the future will be in irrigation, and, 
with growth of population, the fabric of 
future civilisation will depend upon them. 
The generally accepted classification of 
Irrigation works is: (1) canals, (2) tanks 
or lakes, (3) wells, (4) drainage works. 

In the construction of all these con- 
Crete has a large share; and though we 
could not expect in such short compass 
that the author could deal in detail with 
the design of irrigation works, we find 


that he has dealt surprisingly fully with 
certain aspects, and has thrown out many 
suggestions and hints to lead the student 
further which will well repay study. 

" Popular Handbook for Cement and Con- 


crete Users.” By Myron Н. Lewi d 
Albert H. Chandler. iis diii 


New York: Norman W. Henley Publishing Co., 132 
Nassau Street. Price 10/.. Svo, 430 рр. +х. 


Contents. — Introductory — Kinds of 
Cement, and How They Are Made— 
Properties, Testing and  Require- 
ments of Hydraulic Cements—Con- 
crete and its  Properties—Sand, 
Broken Stone and Gravel for Con- 
crete — How to Proportion the 
Materials—How to Mix and Place 
Concrete—Forms for Concrete Con- 
struction—The Architectural and 
Artistic Possibilities of Concrete— 
Concrete Residences — Mortars, 
Plasters and Stuccos, and How to 
Use Them—tThe Artistic Treatment 


of Concrete Surfaces — Concrete 
Building Blocks—The Making of 
Ornamental Concrete — Concrete 


Pipes, Fence Posts, ctc.— Essential 
Features and Advantages of Rein- 
forced Concrete—How to Design 
Reinforced-Concrete Beams, Slabs 
and Columns—Explanation of the 
Theory of the Design of Reinforced- 
Concrete Beams and Slabs—Systems 
of Reinforcement Employed—Rein- 
forced Concrete in Factory and 
General Building Construction — 
Concrete in Foundation Work—Con- 
crete Retaining Walls, Abutments 
and Bulkheads — Concrete Arches 
and Arched Bridges—Concrete Beam 
and Girder Bridges—Concrete іп 
Sewerage and Drainage Works— 
Concrete Tanks, Dams and Reser- 
voirs — Concrete Sidewalks, Curbs 
and Pavements—Concrete in Rail- 
road Construction—The Utility of 
Concrete on the Farm—The Water- 
proofing of Concrete Structures— 
Grout or ‘ Liquid Concrete," and 
Its Uses — Inspection of Concrete 
Work—A Summary of Essential 
Rules and Principles of Construction 
for Securing Good Concrete Work— 
Cost of Concrete Work. 
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This book has much the same object 
as that book entitled “ Everyday Uses 
ої Portland Cement," issued by the 
Associated Portland Cement Manu- 
fecturers, Ltd., and it is fated to be fore- 
Stalled by that work, at a cheaper price, 
too. It contains a good deal of infor- 
mation on various branches of the sub- 
ject, as the foregoing summary of contents 
goes to show. Little of that information 
is, however, original, being reprinted from 
American catalogues, papers and reports 
issued from time to time—some of which 
are out-of-date, and all of which might 
be collected, without much expense, by 
-anyone industrious enough to do it, when 
he would find himself in possession of a 
more complete set of documents. The 
book contains a great deal of useful in- 
formation—we do not gainsay it-— but it is 
ncither happily-enough presented, nor 
«does it contain sufficient original in- 
formation to lead us to view its prc- 
duction with any enthusiasm. Its prac- 
tical part is often skimpy and effete, 
"while the theoretical information, on both 
cement and plain concrete, is often in 
crror ; while in the matter of reinforced 
‘concrete, it seems to us too amatcurish, 
and of little use to the student or designer. 


TB E PRACTICAL CONCRETE WORKER 


“Ornamental Concrete Without Molds.” 
By A. A. Houghton. 
8vo, 122 рр. Price 8/-. 
“Concrete from Sand Molds.” By A. A. 


Houghton. 
8vo, 146 pp. Frice 8/-. 
'" Concrete Workers’ Reference Books." By 
A. A. Houghton. 


8vo, about 62 pp. Price 2/- each. 


No. 1. Concrete Wall Forms. 

No.2. Concrete Floors and Sidewalks 

No.3 Practical Silo Construction 

No. 4. Molding Concrete Chimne:s, Siate and 
Roof Tiles. 

No. 5. Molding and Curing Ornamental Concrete. 

No. 6. Concrete Monuments, Mausoleums, and 
Burial Vaults. 

New York: Norman W. Hentey Publishing Co, 132 


Nassau Street, 
The practical worker in most arts and 
sciences has preceded the theoretician, 
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and in concrete wc see no exception. 
The practician early took to concrete as 
a most useful material, and he has shown 
many possibilities inherent in the materiai 
which he has often applied in ways that 
were looked at as unfitting until success 
was achieved. There are plenty ot 
theoretical treatises, but they do not as 
a rule touch the practical worker, who is 
so very important in the cement industry 
We therefore are pleased to sce his wants 
so well catered for by Mr. A. A. Houghton. 
Much of the information conveyed in 
these volumes is certainly not new, nor 
is it always stated in the way we should 
have wished, but undoubtedly the books 
possess considerable value to the practical 
wor.er, for in addition to explaining the 
wav in which to manufacture the cor- 
crete, they tell him how to make the 
moulds, and set out the architectura! 
forms (some of these again are crude, 
and, to our thinking, unsuitable for con- 
crete, though we must admit they ire 
favoured by many, and thercfore the 
books only rightly give the information 
desired). The books of most interest 
and value are the two first named. 
The method of executing concrete “ with- 
out moulds" is to employ a running 
mould like a plasterer uses for exccuting 
work in his special material. Concrete 1c- 
quires somewhat different handling, how- 
ever, as it is rougher in texture and 
less plastic. The casting of concrete in 
moulds of sand is an old process, but 
certainly we do not know of any other 
book on the subject. The sand is made 
to cohere by the admixture of glutinous 
substances, and can be made hard to 
stand ramming, or soft and absorbent 
Both these books deal with processcs of 
manufacture which are economical, and, 
moreover, they have distinct merits of 
their own in regard to texture. We 
commend the books to those who desirc 
practical instruction in concrete-makirg 


CORSTRUCTERNAT CORRESPONDENCE 


CORRESPONDENCE, 


Under this heading we invite correspondence. 


LONDON, July 20th, 1911. 

SIR, —Referring to your reviewer’s reply to my letter published in vour current 
issue, I challenged him to point out a single instance in which my ready reckoners 
give a different result from that obtained by the use of formula. 

While the absurdity of his example is obvious to the specialist, it is more than 
likely that it will still further confuse the ordinary practitioner, and I feel it my duty 
to point out the erroneous conclusions he comes to. 

To start with, he puts the cart before the horse. Nobody can possibly design a 
ribbed floor without ascertaining the thickness of slab first, as the depth of the T 
is entirely dependent on this. The thickness of the slab, again, depends on the load 
to be carried, and the distance between the beams. There can consequently be no 
question of Jf the slab is то in,, or Jf the slab is 3 in. 

Incidentally, your reviewer has proved the correctness of the reckoners by stating 
that if he adopts a r1o-in. slab he gets precisely the stresses the reckoners are based on. 

In the booklet supplied with the reckoners I clearly state that it is most economi- 
cal to make the distance of beams equal to one-third of the span. This being 48 ft. 
in his example, the span of slab would be 16 ft. 

I cannot imagine how your reviewer can possibly suppose anyone to be foolish 
enough, or inexperienced enough, to design a 3-in. slab for a 16-ft. span, as such а 
slab would, of course, not support its own weight ; nor, on the other hand, do I believe 
that there is a man in our profession who is likely to space heavy beams of 48-ft. spans 
3 ft. 9 in. centre to centre. But supposing a designer did so, it stands to reason that 
the total load would only be about one-third of the load your reviewer takes in the 
first part of his example, owing to the reduction in the dead load and live load. 
Furthermore, the depth and rcinforcement of a beam carrving a 3-in. slab for a 
3 ft. 9 in. span requires naturally an entircly different area as the same is required 
for a 16-ft. span and a то-іп. slab. 

Incidentally, I may remark that I clearly state that no slab should be less than 
31 in. thick ; and, furthermore, no designer would carry out such a floor as your 
reviewer states; he would, of course, adopt subsidiary beams. 

However, supposing someone did select such a foolish policy and space beams 
of 48-ft. span 3 ft. 9 in. apart. Your reviewer’s example apparently works out at a 
total loss of 275 lb. ft?, which, after deducting the dead loss of slab and rib, would 
leave a live load of 145 lb. ft^ Now, adding the dead load of a 3-in. slab and rib, 
which come to 38-r 10— 48 Ib., we should require resistance to a total load of, say, 
190 Ib. ft.2, thus basing the loading of the thin slab on precisely the same footing as 
his thick slab. The load on the rib or the T would then be 190 x 3°75 =712' 5 Ib. per 
foot run. Reckoner д gives us for this figure and for a 48-ft. span, a, d= 12 in., and 
ап Ar =0'92 X 16= 14°72 inž 

Checking these values by the R.I.B.A. formula we get 


14°72 Kd ; 

p=- 143 = О)`1 Z= 3 = 1'47 in. 

„„ 192x3?-2x1472x15x12 | , 190х3°75х48х48х 12 
Kd=“9192%3-2x14-72x15 ^3 - ша 8 22104100 

Consequentlv z., 74102409. а 
q А 714:72(12— 1-47) = 15886 Ib./in.? 
2x 2462400 x 4:4 
c- | = 615 lb. /in.2 


192x3(2x4:4- 3) (12— 1:47) 
and I contend that no sensible person can call these results incorrect. 

As to the other points raised, I have already explained that these are quite 
elastic, and various values and details are adopted in various countries where 
reinforced concrete is used. In my publications I have always adopted what seemed 
to me the happv medium taken from the methods of the various countries, and I 
shall continue to do so in future. I daresay every specialist has his views ; 
and, after all, considering the factors of safety adopted, these little variations do 
not count much in actual practice. 

I again challenge your reviewer to prove his case Ьу an example, and by such 
example I mean something that is intelligible to the ordinary practitioner, such, for 
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instance as: a floor to be constructcd with T-beams of such and such a span to 
carry such and such a load per ft. super, etc., etc. 

If your reviewer can prove by an example that he gets a difierent result when 
using my reckoners than when using the R.S.B.A. formule he must, indeed, be a 
conjurer, considering that the reckoners are based on precisely the very formule he 
uses to prove them wrong, and he is consequently attempting the impossible. 

If he cannot do so I must again call upon him to withdraw, and make such 
amends as I am entitled to. F. RINGs. 

The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


Our Reviewer’s reply to the above. 

I am sorry that my previous attempts have been insufficient to convince Mr. Rings. 

He now makes certain further statements which appear to me to show that 
he has not viewed my remarks in the proper wav ; and.to infer that I meant what 
I did not say. 

I did not sav that one could '' design a ribbed floor without ascertaining the 
thickness of slab first." I merely started off at the point where one had ascertained 
a distributed load on a beam of a certain span—4.e., at the point at which Mr. Rings’ 
T-beam calculator is to be used. Let it here be noted that Mr. Rings talks now of 
ribbed '' floors ” ; in his booklet he speaks of ribbed ‘' ceilings." My example is of a 
T-beam in general, and will apply to ribbed ceilings, which are often constructed 
of reinforced concrete 3 in. thick, which thickness is sufficient for continuous 16-ft. 
spans when only sustaining their own load. But, be it observed, a distributed load 
can be obtained on the beam without its coming directly from the slab that forms 
the table of the T. In the case of a ceiling, it may come from a dwarf wall sustaining 
a roof over. Therefore my reference to 3 in. was quite a practical case. 

Again, I did not say that beams of 48-ft. span were to be spaced 3 ft. 9 in. centre 
to centre. I said that conservative practice would limit the width of the table of such 
a T-beam with a 3-in. slab to 3 ft. g in., which means that 3 ft. 9 in. is all the width 
that would be assumed to be devclopable— the centres of beams could be any distance 
apart you will, within reason. 

If Mr. Rings wished to stipulate for various other assumptions in using his 
calculators he should have set them forth. I showed in my example that Mr. Rings’ 
calculators were correct at one fixed depth, and I do not sce how he can draw his 
“logical conclusion " from mv sentences, to which he refers, that '' the reckoners 
give false results." Indeed, l said in my review that the T-beam calculators were 
‘roughly approximate " if one made certain assumptions that were not always 
warrantable in design. 

Mr. Rings is apparentlv prepared to admit that for a beam of fixed loading and 
span his calculators fix the depth, and require, in order to develop his fixed stresses, 
a fixed depth of slab. Yet he at the same time shows the feasibility of the thickness 
of the slab varving with the degree of continuitv and the employment of double 
reinforcement, although the superload remains fixed. That surely means that the 
calculators are roughly approximate. 

I have also sutstantiated my statement that the calculators could be used in 
such a wav as to afford serious errors in overstressing the concrete, and | do not think 
it advisable that the non-specialist should make such mistakes. 

As regards economy, the word is rather an elastic one, but I think it would be 
readily admitted that various considerations affect the matter, and architects and 
others cannot, and would not, always space beams bv апу gencral rule. Therefore, 
in stating that “ it is most economical to make the distance of beams equal to onc- 
third of the span," Mr. Rings is evidently limiting the application of the word, for he 
goes on to state, '' no designer would carry out such a floor as your reviewer states, 
he would, of course, adopt subsidiary beams." 

I am anxious to be perfectly fair to Mr. Rings, and I appreciate his efforts to 
assist in simplifving reinforced-concrete calculations, and I would not for a moment 
throw any aspcrsions on his ability as a designer of reinforced concrete. I have no 
doubt that he can use his calculators with advantage, knowing their limitations. 
I merely expressed doubts as to their utility as published to others. 

REVIEWER, C. AND C. E. 

[.Mr. Rings having apparently some grievance as to the review that appeared in these 
columns, we have afforded him space for putting forward his arguments тп the form of 
two letters. This correspondence must, however, now cease.—EL D.) 
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Memoranda ала News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Visit of Members of the Society of Engineers to the Works of the 
Associated Portland Cement Manufacturers at Swanscombe.—On July 7th, тотт, 


by permission of the Associated Portland Cement Manufacturers (1900), Ltd., a 
number of members of the Society of Engineers and their friends visited the Swans- 
combe Cement Works of that company. 

The district in which these works are situated is peculiarly adapted to be the 
centre of the cement industry on account of the presence of unlimited supplies of 
chalk and clay, an ample quantity of fuel, and ready access to all parts of the world 
through the Port of London. 

The visitors were shown the chalk and clay quarries adjoining the works, 
The amalgamation of chalk and clay in definite proportion is effected bv batteries 
of washmills, the resulting slurry passing through а screening mill in a finely divided 
state. The slurry then passes into the large mixing and storage tanks, and is finally 
pumped into rotarv kilns, in which the contained water is evaporated, and the dry 
material thus obtained is heated up to a temperature of about 2,800? F. 

The hot clinker then passes through rotary coolers, which extract the heat, and 
from thence is delivered to the grinding mills, in which the clinker is reduced to a 
verv fine powder. During the final stage of the grinding process steam is injected 
into the mill, subjecting cach particle of cement to a repeated process of superficial 
hydration, thus regulating the setting time, and turning out the cement in a condition 
for immediate use, thereby obviating the trouble of turning over the cement before 
use on the site of works. 

The visitors were shown the cooperages, where casks for packing cement for 
export are made by machinery, many of the machines being of a special character, 
and patented by the company. à 

Tea was provided bv the company for their guests at the conclusion of the visit, 


after which a vote of thanks to the company for their courtesy was proposed and 
heartily accorded. 


German Portland Cements.—The annual report on the samples of Portland and 
other cements examined in the testing laboratory of Gross-Lichterfeld has just been 
issued by Professor Burchartz. During 1909, the year covered by the report, 150 
Portland cements were tested, of which I35 were slow- -setting, and 15 quick-setting. 
Whilst all the samples withstood the cold water test for soundness, 19 failed in the 
boiling test. Five cements left more than 5 per cent. residue on the fine sieve. Two 
cements failed to reach the prescribed tensile strength after 7 days, whilst 12 failed 
to reach the required compressive strength after 28 davs under water. The specific 
gravity lay, in the great majority of cases, between 3:05 and 3°15, or after ignition, 
between 3:20 and 3:25. А special series of tests showed that those cements which 
failed in the boiling test were inferior in strength to those which withstood the test, 
but most of them nevertheless satisfied the requirements of the Prussian Standard 
Specification as to strength. The figures show a very considerable increase in the 
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average strength of German Portland cements from 1907 to 1999. The number of 
cements, other than Portland, examined is too small to permit oí a useful comparison 
being made. 

Effect of Delay after Gauging Mortar on its Strength.— Professor Burchartz also 
publishes the results of tests to determine the influence of the time elapsing between 
the gauging of a mortar and its filling into the moulds on its strength. А slow-sctting 
cement being taken (initial set 31 hoursi, it was found that storage for 3 or more 
hours injured the mortar, whilst an interval of 5 hours or more largely destroyed its 
strength. The effect is greater the more water is used in gauging. 

Discovery of an Early Example of Reinforced Сопсгеге. —1п a recent number 
of the Figaro of Paris an account was given of a strange discovery at the Louvre 
in the walls of the old palace. While carrying out the works for the lift it was neces- 
sary to pierce some of these walls, which were thought to consist entirely of ashlar 
and quarry stone. What was therefore the stupefaction of the builders entrusted 
with the execution of the work on discovering that the stone casing of these walls 
concealed a core composed in part in a kind of reinforced concrete! Reinforced 
concrete three or four centuries old, when this building material was believed to be 
quite a modern product ! 


Testing a Cellular Reinforced Concrete Floor at the Brussels Exhibition.— 
With reference to an account which appeared in our June number regarding a load 
test on a '' cellular reinforced concrete floor ’ at the Brussels Exhibition, we are 
won enabled, through the Armoured Tubular Flooring Co., Ltd., to submit a block 


SAMPLES OF ARMOURED TUBULAR FLOORING BEFORE THE TEST. 


showing the sample before test, from which it will be seen that the method of con- 
struction adopted was that of the armoured tubular floor, the sample having been 
constructed bv the licensee of that svstem for Holland. 

The relationship of designed load бо 1Ь. to breaking load 650 Ib. per sq. ft. proved 
in this test what has been frequentlv demonstrated by previous successful loading 
tests, the large reserve of strength possessed by this system, which combines high 
efficiency in design with great economy in material and construction. 

Below we give the official report on these tests : 


Official Report upon Resistance Tests of Armoured Tubular Floor Sample shown in the 
Pavilion of Works at the Brussels Exposition of 1910. Certified. 


These tests were made upon December sth, 1910, in the presence of Major Dubuisson, 
delegated bv the Minister of War, assisted bv Lieutenant Wiener. 

The sample submitted for test was a floor slab of 23 ft. 8 in. in clear span, and of 4 ft. 3 in. 
in width. It was formed of five webs of 9} in. in height, containing in their lower wider section 
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a reinforcement of 4 c/m? (2 in. by } in.), in section ; between the webs were placed concrete tubes. 
The calculated applied working load being 300 kg. per square metre, or 60 lb. per sq. ft. There 
were placed under the floor five instruments for amplifying deflections, two at the ends, one 
midway between these, and two half-way between centre and ends. . It is certified that the five 
deflection meters were placed at zero. 

First Test.— The floor, having been charged to a load of 450 kg. (go lb.) per square metre, 
or 1} times the calculated super load, it is certified that the central deflection was 2'2 mm. 
(0'08 in.), or 4453 part of the span. 

Second Test.— The loads having been completelv removed, it is certified that the permanent 
set in the centre of span was `2 mm., ог зао part of the span. 

Third Test.— Тһе sample, having been loaded afresh, the deflections observed are stated 
under, corresponding to loadings of I}, 2, 3, 4, 5, 6, and 7 times the calculated super load. 
The first column indicates the deflections found during first test ; the second those when unloaded, 
(indicating permanent deflections from first test, whilst the others refer to the third test and 


those following. 
DEFLECTIONS tN CENTRE UNDER Loaps STATED. 


Kg. per sq. metre | 450 о | 450 боо | 900 1,200 1,500 | 1,800 2,100 
Lb. per sq. ft. ... | 90 о, 90 e ae 240 | 300 | 360 420 
Mm. st E | 2:2 o2 | 22 are: “aon | 775 | 10°95 14'5 18'8 
In. de 1 dp | ач ёч т AQ! إو‎ 52 32 


At 1,800 kg. per square metre the first fissures were found in upper zone over the ends; at 
2,100 kg. per square metre, a slight fissure occurred in the lower zone in centre. 

The deflection meters were removed, and loading continued. At eight times the surcharge, 
or 2,400 kg. per square metre (480 lb. per sq. ft.), no fractures have been produced, only the 
fissures are slightly enlarged. Finally, by augmenting the load in the centre of span to 3,250 kg. 
per square metre (650 !b. per sq. ft.) rupture was produced, the breaking load being 10°83 times 
the designed working load. The deflection meter readings were taken by Lieutenant Wiener. 


Concrete for Railways.—The use of concrete for commercial buildings, for 
dwellings, etc., has shown a remarkable growth. The use of this material by the 
railways in different classes of structures has also rapidly increased. 

There are many properties of concrete which are of special value to a railway. 
Its fire-resisting qualitics not only save a loss of the structure in many cases, but 
also, in the case of arches, culverts, and trestles, give a greatcr safety to the road- 
bed and eliminate the danger of serious wrecks, which may result in loss of life as 
well as loss of property, to say nothing of delays occasioned when one of these struc- 
tures is burned out. Railway structures may at any time be subjected to fire from 
passing locomotives. Thus, on account of the increased danger of fire, concrete 
construction should show even greater advantage for railway than for other struc- 
tures. Another advantage of concrete waterways is their low maintenance cost and 
the need for less inspection, as compared with structures composed of steel or wood. 
This is on account of the non-corrosive character of concrete as well as its resistance 
to fire.— Railway Engineering. 

Concrete Shaft Work in Mines.—Onc of the greatest pieces of concreting under- 
taken in the Lake Superior region is that in progress at the Cleveland Cliffs Iron 
Co.’s Maas mine at Negaunee. Theshaft at this property was sunk a number of years 
ago. The overburden was of quicksand, 167 ft. in depth, and to penetrate to the 
ledge required many months' hard work and the expenditure of a large sum of monev. 
Millions of gallons of water and sand were pumped out of the opening, and long before 
the rock was reached there had been created a huge excavation, projecting from the 
centre of which was the shaft timbering. There was much twisting and buckiing, 
as was to be expected, and when the shaft had attained the ledge it was badly out 
of alignment. 

Hoisting operations have not been satisfactory, due to the shaft's irregularities, 
and, with the mine now well opened and prepared to furnish a large tonnage of ore, 
it was decided to put the propertv in the best possible condition by making the outlet 
safe and stable. This is being done bv giving the shaft a heavy lining of concrete 


639 


MEMORANDA. (CONCRETE, 


from the surface to a point some зо ft. below the ledge. The work is being performed 
by the Foundation Co., of New York. 

The concreting will be dropped from the surface, the weight of the material 
forcing the structure downward. It will be of very massive construction, and will 
weigh enormously per running foot of completed circle. The outer portion of the 
shaft will be round, while the dimensions of the interior will be 14 ft. 10 in. bv 
IO ft. Іо in. The walls will not be of the same thickness. They will he 7 ft. rt in. 
at the bottom, and for a considerable distance above it, and from the latter point 
will graduallv narrow, unti! at the surface the width will be 2 ft. 6 in. The greatest 
thickness will be where the pressure exerted against the concrete from the surrounding 
formations will be the heaviest, which will be at the bottom of the shaft, the width 
growing proportionately less as the surface is approached. The walls will be rein- 
forced with stecl. The concrete will be carried well into the ledgc. The latter rises 
up in one side of the shaft at an angle of 70°. When finished the concreted portion 
of the shaft will be about 200 ft. from surface to bottom. Concreting this shaft is 
a huge and at the same time a most delicate piece of work. The sand will run like 
water and in almost inexhaustible volume if once it is given a chance, and the utmost 
caution must be exercised. Failure to take proper care would easilv wreck the entire 
shaft. When completed the mine will be cquipped with a shaft that will stand as 
long as the mine has ore to take out, and this will be a great many years. 

The Cleveland Cliffs Co. is also concreting its Negaunee mine shaft. This work, 
while by no means easy of accomplishment, is less difficult, not so hazardous, and 
much less expensive per lincal foot than that at the adjoining property. The Nc gaunee’s 
overburden is quite аз unstable as that of the Maas. There were several bad runs 
of ground prior to the Cleveland Cliffs taking hold, lives were sacrificed, and the 
wrecking of the property was threatened. The concreting of the shaft, which has 
been in progress a number of months. is now nearing completion. It will not be 
manv weeks before it will be possible to begin installing the shaft equipment. The 
concrete has reached the ninth level, the principal working point in the property, 
and will be continued downward until the tenth level is attained. Concrete pockets 
arc to be put in at the ninth level. These will be the first underground pockets of 
that nature on the Marquette range. Thev will be reinforced with steel, and will 
be ined with the same material. The shaft will be of concrete from top to bottom. 
In practically all of the concrete shafts in the Lake Superior district the concrete 
reaches from the surface only to the ledge, but in the Negaunce shaft the ledge 
has been cut away in order to make room for the concrete walls.—C ement. 


Surface Finish for Concrete Blocks.—Surface finish for concrete blocks, con- 
sisting of a facing of r : 2 mixture of cement and limestone screenings smoothed off on 
a revolving metal disc covered with wet lake sand, was used, says Engineering Record, 
in the construction of the new office building for a cement company at Buffington, 
Ind. Another method of facing concrete blocks was used at the State hospital. 
Yankton, S.D., and the State hospital at Elgin, IH. The blocks for these buildings 
are faced with thin pieces or chips of granite of irregular shapes and sizes, split bv 
hand from larger pieces. A laver of sand about 3 in. thick is first spread over the 
bottom of the form, anil upon this sand the stone facing is laid. A rich mortar, I part 
universal Portland cement and 1 part sand, mixed very wet, is then poured over 
the stones, and immediately after the forms are filled with an ordinary 1:2: 5 con- 
crete. The blocks ате left in the forms until the following day, when they are removed 
and cured, and, without further treatment, are rcadv to be placed in the wall. 


TRADE NOTICES. 

Mason's 1911 Lead-Carbo Tread.—Wc havc received particulars of a new stair- 
tread put upon the market, and termed “ Mason's 1911 Lead-Carbo Tread.” This 
new form of step is a grooveless one, which is a great improvement over the older 
forms of patent stair-trcads, as there are no grooves to collect dirt and germs. The 
qualities of non-slipping and of durability which are possessed by Mason's steel and 
lead treads are maintained in their latest production. The dovetailed stecl is used 
containing lead, alternate rows being separated by the “ U " groove, which is perforated 
at the basc in series of slotted holes countersunk on the underside, and made a 
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receptacle for carborundum chemically combined into a cement. This possesses great 
abrasive properties when applied as a step surface and made flush with the existing 
lead portion of the tread. This combination of steel, lead, and carborundum gives 
at one and the same time a hard and soft resistance to the foot which is very agreeable. 

It is claimed that Mason's combination of rolled steel and lead in this patented 
form will last twenty years under the severest conditions, for the durability of the 
steel is doubled, owing to the fact that the carborundum receives the friction that 
otherwise would be taken up by the thin edges of the “ U " grooving alone. 

A Novel Pile-Driver.—1t is surprising with what cumbersome devices the majority 
of contracting work is done in building and constructional engineering. Out-of-date 
plant is made to serve, and time and labour are wasted in a most extravagant fashion. 
Often one job alone would handsomely pay for installing new and efficient plant, 
and in most cases the money expended would soon be repaid.  Pile-driving is a case 
in point, though considerable improvement has been effected in this respect in recent 
years. 
The Southgate Pile-Driver Co. have now, however, put upon the market a pile- 
driver of a very improved form. Most steam pile-drivers have an independent dollv, 
and in one type the flexible tube is attached to the monkey and moves up and down 
with it with every stroke of the monkey, thus bringing an undue pressure on the 
flexible tube. In others the piston rod is extended through the bottom of the monkey 
and thus by condensation tends to wet the block on the top of the dolly, The 
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Southgate pile-driver employs a different device. It will be seen from the illustra- 
tions that the dolly which rests on the head of the pile to be driven is connected by two 
vertical rods to asteelcrosshead which carries the piston-rod and piston on which the 
steam cylinder forming the monkey works. 

The flexible steam-pipe supplying the cylinder is led to a valve mounted on this 
crosshead, this valve being connected up to a steam passage made down the centre of 
the piston-rod. The James Garvie patent steam-monkey, with which these pile-drivers 
are fitted, has a solid bottom, formed into a square hammer-head, suitable for giving 
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a solid blow. The solid-end formation of the monkey also prevents the leakage of 
condensed steam on to the dolly. 

The monkey is of single-acting type, steam being used to lift it after each stroke. 
The connection from the steam-pipe passes through the valve at the top of the piston- 
rod and through the piston-rod to the cylinder. The valve is automatic in so far as 
that by means of an internal spring it opens to exhaust at the right moment, so that 
the monkey falls freely. The back pressure is verv small. It is claimed that about 
double the number of strokes per minute can be obtained with this arrangement as 
compared with that used on older types of drop-monkeys, while a heavy monkey 
with a short and rapid stroke is generally hcld to be most effective in driving concrete 
piles, and least likely to damage them at the head. 

The flexible steam connection does not move up or down with the monkey, so 
that it is not subjected to continual strains. It has only a gradual downward motion 
along with the dolly and crosshead. Other advantages of the arrangement which 
should be mentioned are that the whole weight of the monkey is always on the pile 
during driving, and that there is no strain on the woodwork due to driving. This 
latter point is of special importance when working from a barge. In the upper part 
of the dolly an elm block is fitted which receives the blow from the monkey. This 
monkey is capable of giving about 50 blows a minute. Three of these pile.drivers have 
been used by the Buenos Ayres Dock Co. and also by the Indian Government, 

Labour's Pavements, Ltd.—In our Junc number we made reference to a flight 
of stairs in Paris erected with concrete in which a good proportion of carborundum 
had been mixed, thus making the steps almost imperishable. Messrs. Labour's 
Pavements, Ltd., now inform us that thcy are also carrving on similar work in this 
country for public corporations, railways, etc., and not onlv in the form of concrete 
stairs, but for platform edgings, ornamental, coloured, or whitc-tiled entrances, stable 
briquettes, ctc. | 

Shingle and Sand at Southampton Deep- Water Dock.—This dock was described 
in our July issue, and with reference thereto Mr. Frank Bevis, contractor of Ports- 
mouth, inform us that the whole of the shingle and sand used in the above work was 
supplied by him, the approximate quantities being : Shingle, 450,000 cu. yd.; sea 
sand, 45,000 cu. yd. 

ENQUIRY. 

One of our subscribers writes to us as follows : 

“ Will you kindly inform me from what source I can gather information as to 
the action resulting from immersing concrete castings in a solution of silicate of soda 
(8-02 ID 

Can any of our readers give us results of experience in this connection ? 


CONTRACTS. 

The Indented Bar and Concrete Engineering Co., Ltd., have sent us the following 
list of works in which the reinforcement is indented bars, which are now being carricd 
out or are about to be started : Two mills in Bolton and a mill in Truro ; warehouse, 
Deptford ; Gramaphone factory, Hayes; retaining wall, Ventnor; warehouse, Raynes 
Park ; extensions to Guy's Hospital ; chimney, Charing Cross and West-End I:lectric ; 
road bridges, Somerset ; rctaining wall, West Ham F.C. ; mill, Greengates ; extensions 
to works, Darwen; schools, Durham and Fenton; club, Peterborough ; factory, 
Birmingham ; mills at Bradford and Keighley ; bridge in Ilkeston ; brewery in Green- 
wich ; bridge in Baker Street, London ; tank, Nelson. 

Messrs. G. Jackaman & Son, of Slough, have obtained the contract for the 
erection of Cold Storage Buildings, Queen Alexandra Dock, Cardiff, for the Сагат: 
Railway Company, 

Messrs. Edmond Coignet, Ltd., inform us that their system of reinforced con. 
crete has recently been adopted for the following works :—- 

Second carpet warchouse, Bailiffe Bridge. Architects, Messrs. Walsh & Nicholas, of Halifax ; 
contractors, Messrs. Hlenrv Atkinson & Sons, Ltd., of Leeds. 

Third extension to Victoria works. Architects and contractors, ditto, ditto. 

New enzine-house, Bailitfe Bridge. Architects and contractors, ditto, ditto. 


Gun shed at Cardif. Architect, W. H. Dashwood Саре, F.R.1.B.A., of Cardiff; contractors, 
Messrs. Watt Bros., of Cardiff. 
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Floors for large three-storey building at Lancashire. Extensive foundation fer machinery in Lan- 
cashire. Floors for new Headingley Training College, Leeds. Architect, G. W. Atkinson, Esq., of 
Leeds ; contractors, Messrs. Henry Atkinson & Sons, Ltd., of Leeds. 

Roof to National Hospital, London. Architect, R. Langton Cole, Esq., F.R.I.B.A., of London ; 
contractors, Messrs. Patinan & Fotheringham, of London. 

Coal bunkers at Larne, Ireland, for the British Aluminium Co. Contractors, Messrs. The Irish 
Armoured Tubular Flooring Co., Ltd., of Belfast. 

Three tanks for the London Citv & Midland Bank. Contractors, Messrs. Colls & Sons, of London. 

Two bow-string bridges for the Powell Duffryn Steam Colliery, South Wales. Contractors, 
Messrs. Watt Bros., of Cardiff. 

Raft foundations for St. Luke's Church, Grimsby. Architects, Messrs. Nicolson & Cortette, of 
London ; contractors, Messrs. John Thompson & Co., of Peterborough. 

Raft foundations, piles and retaining wall at Brentford. Contractors, Messrs. D. G. Somerville 
& Co., of London. 

Foundation for Colston Girls’ School, Bristol. Architects, Messrs. W. S. Paul & James, Bristol ; 
contractors, Messrs. John Perkins & Son, Ltd., of Bristol. 

New pier, 850 ft. long, at Padstow, for the Harbour Commissioners. Engineer, Sir G. Croydon 
Marks, M.P., of London ; contractor, Arthur Carkeek, Esa., of Redruth. 

Flat roof for Messrs. T. Walker & Son, Birmingham. Contractors, Messrs. R. Fenwick, I.td., of 
Birmingham. 

Extensive premises for Messrs. J. & E. Wright, Ltd., at Birmingham. Contractors, Messrs. К. 
Fenwick, Ltd., of Birmingham. 


Besides the above.mentioned new contracts, Messrs, Edmond Coignet are at present 
finishing the preparation of the plans for the 


Public buildings, Fast Block, at Kingston, Jamaica. Architects, Messrs. Nicolson & Corlette, of 
London ; contractors, Messrs. Mais & Sant, of Kingston, Jamaica. 


They are also terminating the floors of the 


Roval Infirmary at Bristol (architects, Messrs. Adams & Holden, of London ; contractors, Messrs. 
William Cowlin & Son, of Bristol; and also the new road bridge at King’s Cross Station for the Metro- 
= : 
politan Railway (contractors, Messrs. William King & Son, of London) 
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Downstream face of the Olive Bridge Dam, faced with concrete blocks. 
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EDITORIAL NOTES. 


THE SECOND REPORT OF THE JOINT COMMITTEE ON 
REINFORCED CONCRETE. 
THE REPORT TECHNICALLY CONSIDERED. 
HE Second Report of the Joint Committee on Reinforced Concrete 
| appointed by the Royal Institute of British Architects is in manner and 
matter substantially the same as the first. There are various additions, 
but few differences. | 

The principal alterations are in the section on methods of calculation, and 
consist in the recasting in form and the redressing in the standard notation 
proposed by the Concrete Institute. The methods of calculation are, however, 
governed by the same theoretical standpoint. 

In offering our comments upon the technical matter of the report, we must 
firstly point to our general comments in the preceding issue of this Journal, and 
secondly record our high appreciation of the advantages which were derived 
from the first report issued in 1907. It regularised practice in this country and 
gave some authoritative recommendations to which designers could appeal, and 
it gave some sort of sanction to a novel method of construction on which profes. 
sional men generally might rely in recommending their clients to adopt it. The 
first report was very useful, and in revising their report up to date we would 
again record that the Committee has performed further good service. 


FIRE RESISTANCE. 
Our first criticism is in respect to Clause 3 referring to fire resistance. The 


Committee have taken a moderate view and suggested the very minimum that 
could be permitted. Of course, in a report which seeks to impose restrictions 
upon the building community the adoption of a minimum is the right course ; 
but when it is possible to distinguish clearly more than one grade of construction, 
it would be better, we think, to classify the grades and to lay down the minimum 
for each rather than to specify the minimum for tlie lowest, which the Committee 
speak of as “ in all ordinary cases." It is true that it is also noted that “ more 
perfect protection to the structure is required under very high temperature, 
and in the most severe conditions it is desirable to cover the concrete structure 
with fire-resisting plastering which may be easily renewed." We are safe in 
saying that “in the most severe conditions " plastering would not be sufficient 
protection, The notion that high temperature is the sole determining factor, 
as seems to be suggested, needs correction, for even in small conflagrations the 
temperature generally rises locally to as high a degree as in the larger, but the 
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great difference is that it does not continue thereat for long. It is the long 
continuance at a high temperature which does the mischief, and where inflam- 
mable materials are stored in bulk and the concrete is thoroughly dried out by 
heating the buildings, the I in. protection on beams as advised is quite inadequate, 
even in " ordinary cases." Two inches of concrete covering with aggregate that 
will pass a ł-in. sieve is the practical minimum of protection that should be 
afforded in everyday practice. The tests of the British Fire-Prevention Com- 
mittee have proved this time after time. It also seems a pity that the Committee 
did not advise as to the protection of ' ordinary " columns instead of limiting 
themselves to slabs and beams, because the columns are of primary importance. 
For columns, 2} in. would be a practical minimum, and 3 in. a preferable minimum 
covering. We would also remark that it is not only temperature that must be 
considered, but the application of water for the purpose of extinguishing the 
fire or stopping the conflagration from spreading. In this respect the advantages 
of rounded corners have been proved by the Fire-Prevention Committee's tests. 


| WASHING SAND. 

Next regarding “ Clause 5—Sand," we find it stated that '' washing sand 
does not always improve it, as the finer particles which may be of value to the 
compactness and solidity of the mortar are carried away in the process." Such 
statements show the frequent error of drawing conclusions from a few experiments 
without having definitely established the true cause of the variation in the general 
results. The cause might have been found in this case, however, from several 
sources of information on concrete. It is due to a difference in the proportion of 
voids, the material removed by washing filling some of the voids, and so enabling 
the cement to do better service than in the filling of voids. In washing sand the 
finer particles need not necessarily be removed, and it is an invariable rule 
that natural sand is improved by washing it, provided the voids are filled either 
by grading the sand or by employing extra labour, for the loam, salt, vegetable, 
or other matter are alike deleterious in themselves to cement, though they may 
do more good than harm by filling the voids in a badly graded mixture. 


[ui 


STEEL. 

We now come to “ Clause 8— Metal," the title of which would suggest that 
it were not limited, as it is, to steel. Why not wrought iron if available, and why 
steel limited to a minimum ultimate strength of 60,000 ]lb./in.? ? If the metal 
possesses a well-defined yield point and is ductile, whv suggest that it be pro- 
hibited because it falls below 27 tons? We conclude that the Committee wished 
to raise the standard of manufacture as is attempted by standard specifications, 
so that users may not be supplied with a variable material, which one week mav 
be worth 30 tons and the next, say, 24 tons. But we are inclined to think the 
purchaser might be better protected bv having his eves opened to the possibility 
of variation, and by being advised to compare quality as well as price, and im- 
pressed with the desirability of close checking by means of tests апа the limitation 
of variation. Thus if, for instance, we could purchase a steel whose resistance 
was, sav, 24 to 26 tons in. with proper ductility and yield point of, say, 14 tons 
at four-fifths the price of 28 to 32 ton steel, we see no reason whv it should not be 
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used, and in certain circumstances it would be preferable for reinforced concrete 
work. 

We find nothing else in the section on materials to adversely criticise. It 
might have been advisable to have added further recommendations, but we do 
not note anything of great moment excluded, and, on the whole, we think it 
very sensible and sober. 

SCIENTIFIC CALCULATIONS. 

The section on Methods of Calculation must be somewhat contentious at this 
stage in the evolution of a comparatively new subject. We think the most 
obvious comment is perhaps its chief objection, whereas to many it may seem at 
first sight a recommendation—namely, that it agrees generally with the rules 
that have been proposed by other committees, commissions and building autho- 
rities. We feel that, when there is such unanimity of opinion in such a new 
method of construction, there is the greater probability of all being uniformly 
mistaken, for it shows that the new problems are being regarded from old and 
accepted standpoints. The more one delves into structural design, the more 
one finds things in doubt. It is like other branches of science, in that the more 
any aspect is investigated, the larger it grows. We suppose here the reader will 
object, '" Yes, but the main principles or laws become more general and more 
confirmed." That is so, but in architecture and engineering there is a difference. 
It is a science that is synthetical as well as analytical, and more the former than 
the latter—that is to say, it is the tendency of the engineer primarily to use 
analysis to give him an equipment only sufficient for his immediate constructive 
purpose. Consequently, he is not greatly interested in going deeper and deeper 
into the analvsis, and is inclined to assume that, because his elementary rules 
have sufficed for much practical work, they are therefore established as correct. 
So we may naturally expect the majority of members of the constructive pro- 
fessions to agree in accepting as laws what experience in other branches of science 
would suggest were but the first drafting of generalisations, for they have under- 
gone such little modification —as theories, they have not been put to the scientific 
tests of comparison with experimental data, but only to practical tests. 

We regret, therefore, to find such little originality in the Committee’s work, 
and we hope that the unanimity in these commonplaces may not be mistaken 
as well establishing the methods, so that, when we do get a better theory, it may 
be hampered from employment by precedents and the like conservative impedi- 
ments ; nor that the more original and more scientific engineer may be interfered 
with and deterred from employing his superior methods by ignorant prejudice. 
The only thing that can be said in favour of such rules and formule is that they 
appear to be on the safe side, but appearances are often deceptive, and, when we 
see things only dimly, we feel doubts as to our wav and fear we may plunge over 
a precipice at any moment. More light is wanted, and unfortunately the Joint 
Committee's Second Report does not help us here, though it is distinctly helpful 
in many other ways. 

ACCIDENTAL LOADS. 

As regards loads to be taken, the reduction of accidental loads on storeys 
below the top one is quite legitimate practice with the majority of structures, 
but as to whether that reduction should be 5 or то per cent. is a moot point. 
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In American practice one frequently fin 5 it specified that allowance 
should be made for concentrated, as well as distributed accidental loads. That 
suggests the advisability of the inclusion of a similar provision. 

SPANS OF BEAMS. 

The suggestion that the span of a beam should be taken as the distance from 
centre to centre of bearings refers to a matter where some originality of treatment 
would be welcome. There is distinctly room here for more accuracy, and the 
point is of considerable importance in beams of long span. 

CONTINUOUS BEAMS. 

Attention 1s directed to the effect of supports of continuous beams not being 
at the same level, and we would also suggest the advisability of calling attention 
to the effect of variation in moment of inertia. The question of continuity in 
beams is skipped over lightly, but it is important, and current methods of making 
calculations are susceptible of much improvement, and we wish the report had 


helped. 
MODULI OF ELASTICITY. 


It is strange that a uniform value of 15 for the modular ratio of elasticity 
of steel and concrete should be proposed, while variation in the qualities of concrete 
is provided for, and it is known that stronger concretes have a correspondingly 
higher modulus. The French Commission’s Report allowed for variation in 
modulus, and we think that is the only strictly scientific way of treating it. 

Another peculiarity is that this modular ratio is referred to under beams, 
where possibly it is not of much importance, while it should be stated as part of 
the next clause, where it is stated, in other words, as 15 for pillars. 

WORKING STRESSES. 

“ Clause 5— Working Stresses,” is out of place, it should come after Clause т. 
because it does not refer solely to beams. We note here that the safe compressive 
strength of 1,800 lb. concrete is taken at боо lb. both for columns and extreme 
fibre stress in beams, whereas, it was the older view, and we think the more 
reasonable one, that more could be taken for beams than columns. It is still 
stated, too, that the concrete in shear is to be limited to бо lb./in.?, but that is 
only logical for beams not reinforced against diagonal tension, and can only be 
intended as a measure of diagonal tension. Steel in shear is valued at 
12,000 lb./in.?, but it is very seldom that it is so employed in reinforced concrete ; 
we shall refer to this again later. 

The safe strength of “ adhesion or grip of concrete to metal" is retained 
at roo lb./in.?, but it is emphasised in a footnote that “ precautions should in 
every case be taken by splitting or bending the rod ends, or otherwise to provide 
additional security against the sliding of the rods in the concrete." There is 
much ambiguity of current thought displayed in respect to the subjects of shear 
and adhesion, and there are strong opposing partisans of continuous mechanical 
bond and plain rods. Although adhesion-friction bond between concrete and 
steel has been established by many tests, and may perhaps be set safely at 
тоо ]b./in.? in average cases, the Joint Committee evidently recognises that 
doubtful reliance is to be placed on it, because it makes the recommendation as 
to splitting or bending the ends of rods, and in another place advises the anchoring 
of stirrups at their top ends, precautions which conservative practice has always 
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adopted. When such mechar cal bond is secured the adhesion-friction bond 

may be neglected, and therefore the Committee's further recommendation, that 

“ 1t is desirable that the reinforcing rods should be so designed that the adhesion 

is sufficient to resist the shear between the metal and concrete," becomes 1ппесеѕ- 

sary. It also betrays the peculiar view of shear stresses which we refer to later on. 
BEAM THEORY. 

The method of making calculations for beams with single reinforcement 
has been changed from the first report, and now specially refers to T-beams, but 
Captain Fleming in an appendix treats the formule more in detail, and applies 
them to rectangular beams, so that there is no need for the report to deal with 
either. Indeed, there would have been much advantage in leaving them for an 
appendix, for the formule are by no means beyond dispute, and indeed have not 
been employed for the majority of work successfully executed, whereas they 
would imply that the constructors must often have been very wrong, and their 
work in danger of collapse, of which records do not show any signs, nor any 
proportion of unexplained failures to warrant such an assumption. 

We may here note that it is recommended that the width of the rib of a 
T-beam should not be less than one-sixth of the width of the flange. No reason 
is vouchsafed, and we venture to suggest that there is none adequate. Mr. J. E. 
Conzelmann, in a letter to our columns upon the first report of the Committee, 
once gave a clue to a means of arriving at a very simple formule that would be 
more correct than the rule given, but even then the same method of calculation 
would be employed as the Committee's, and there are reasons for doubting its 


accuracy, as we have said. 
SHEAR REINFORCEMENTS. | 
We are glad to now come to one of the chief additions to the second report— 


namely, rules for the determination of shear reinforcement. This part seems to 
be produced in view of the method of treatment which is favoured by Professor 
Morsch, and by American professors who have followed him, and which is set 
forth in an appendix to the report by Mr. William Dunn, although Mr. E. Fiander 
Etchells has added an appendix which would lead to the conclusion that the 
tensile resistance of the shear members could be more correctly adopted than 
the pure shear value of steel. The other method set forth by Mr. Dunn 
seems illogical, because it assumes that vertical shear is transmitted horizontally 
by the concrete, which it could not do if it were cracked as the report assumes it 
to be by setting out that the tensile resistance of the concrete must be ignored. 

The treatment of the subject generally in the report is coloured by this point 
of view, and it is in a way responsible for the idea of so much variation of stress 
in the flange of a T-beam to which we were referring above when we remarked 
about other constructors, who assume the flange to be evenly stressed. 

In this same section we see it stated that the shearing reinforcement should 
be provided at “ Distances apart not exceeding the depth of the beam.” From 
Mr. Etchells’ point of view, it should be the arm and not the depth, and we believe 
this to be correct. Weare glad to see it advocated that stirrups should be anchored 
at both their ends, though if certain precautions are adopted it 1s not essential. 

DETAILS OF DESIGN. 

Except in what we have noted, the design of reinforcement in detail 

is not dealt with, yet we believe that just as in steelwork practice, the details 
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are often the weakest parts of designs. It is most frequent for the sections 
employed in steelwork to be ample, while the connections are scamped because 
they entail labour. So also in reinforced concrete, what we might almost call 
connections and similar details, though we believe not exactly scamped, are 
overlooked, whereas they are of the utmost importance to stability. 
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PILLARS. 

Another of the chief additions to the report is the section on “ Pillars and 
Pieces under Direct Thrust." Here the Committee really has produced something 
original, and we believe it to be the best ruling on reinforced concrete columns 
yet put forward, for it has regard to the increased strength derived from lateral 
binding. Firstly, we have to remark that the reason why the sectional area of 
longitudinal reinforcements 15 put at a minimum of 0:8 per cent. of the cross- 
sectional area of a column is not stated. There are indeed a number of similar 
recommendations which ought to be explained, if they are to meet with ready 
acceptance. 

Now, the formule for hooped concrete are of the nature of empirical formule, 
being based on practical experiments, and not so much on theory derived there- 
from. The formule permit the concrete to be stressed more highly and in pro- 
portion to the kind of lateral binding and to its spacing. We see good reason 
in the adoption of a form factor, though its value may be questioned, but the 
spacing factor is not so obvious, for it is made to vary only with the spacing, 
whereas it seems it ought to vary with the ratio of lateral reinforcement, for it 
presumably depends upon the distance of concrete that may be safely left unsup- 
ported, which varies with the stress upon it, and the stress is expected to vary 
with the ratio of lateral reinforcement. Also, we see the formula uses a svmbol, 
r, to represent the ratio between the volumes of lateral and vertical reinforcements, 
but supposing two columns of equal size had the same total volumes of helical 
laterals and vertical reinforcements with the same close spacing, but one helix 
was heavier than the other, is it not reasonable to suppose the concrete in the 
heavier helix could be more highly stressed ? We have only examined a few 
results at present, but it seems to us that the formula would be more adequate 
if the lateral reinforcement were, within limits perhaps, alone considered without 
regard to the vertical reinforcements ; but then, of course, a rule would be needed 
for the determination of the section of the laterals, but as that must depend upon 
the stress which is put in them by the tendency to lateral expansion, we find no 
insuperable difficulty in arriving at a formula which would be more theoretical, 
and possibly accord more closely with the results of tests. 

We do not follow the idea in limiting the stress on the concrete core to a 
proportion of the ultimate resistance as a plain cube. If a safety factor be 
needed on plain concrete, it is in great part because of probable variations in 
quality, and supposing the quality to have the maximum of inferiority, it seems 
to us that if the stress should reach 0:66 of the standard limit of resistance, the 
ultimate resistance would be completely exceeded, so what then would become 
of the ‘ Limit of continued endurance for plain concrete " referred to in the 
report? We can see no reason why, if the spacing be close, the ultimate 
resistance as а plain cube should not be exceeded. 


650 


INSTRUCTION IN REINFORCED CONCRETE. 


ELECTROLYSIS. 
Regarding omissions in the report, we find no word of warning concerning 
electrolysis and its dangers, of which some interesting cases are on record. 


APPENDICES. 

As regards the appendices, Mr. Etchells utters a timely warning against 
some empirical rules for rectangular slabs, and the report warns us that there is 
no satisfactory theory, nor trustworthy experiments, yet in this respect. Professor 
Unwin’s two early contributions are retained, as also Mr. Dunn’s on rules for 
rectangular slabs, and the other appendices are referred to above. 


CONCLUSION. 

This second report is in every way an improvement upon the first, and 
does the Committee credit. It is useful, as we said at first, and if it is interpreted 
in a liberal spirit, will be valuable as a limited means of appeal, but it should be 
interpreted into practice by well-trained and experienced designers, who should 
be permitted to take liberties with it. 


INSTRUCTION IN REINFORCED CONCRETE AND 

STRUCTURAL ENGINEERING. 
UNTIL recently no adequate course of instruction was available for students of 
reinforced concrete, but last winter the deficiency was repaired by the establish- 
ment of classes at the London County Council School of Building, Ferndale 
Road, Brixton, S.W., the lecturer being Mr. Н. Kempton Dyson, the Secretary 
of the Concrete Institute. The course was a very complete one, and the demand 
for such instruction resulted in a large attendance and necessitated an extension 
of the scheme, an elementary theory class being formed and two assistant teachers 
appointed. 

As the result of the experience last session the scheme of instruction has again 
been extended and the scope enlarged for next session, which commences on 
September 18th. Although the London County Council made a special grant for 
the purchase of urgently needed apparatus and tools for the practical instruction, 
these were only received late in the session, but this year many more testing 
appliances, tools, etc., have been added, and a more systematised course of con- 
struction will be possible this session. 

Though the subject of reinforced concrete is taught in many places abroad, the 
course at the School of Building is distinctive in respect to the great feature 
made of practical work, which is of the utmost importance to a knowledge of 
theory and the proper execution of the work. Those who seek to design work are 
required to take both the practical and theoretical instruction, but the practical 
part is so arranged that it can be taken independently by builders, clerks of works, 
foremen, craftsmen, and others who only wish to study that aspect. It is to 
be hoped that the practical workers will avail themselves of the opportunity, for 
there is a most regrettable ignorance of the proper methods of carrying out con- 
crete work displayed in building work in this country. 

As an outcome of the establishment of this class for reinforced concrete, 
the need was ascertained of a more extended field of operations. Reinforced 
concrete design is a branch of structural engineering, and for its proper study 
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requires a knowledge of applied mechanics and the design of various kinds and 
parts of structures. Structural engineering is becoming a specialised subject, 
and therefore this session a complete course of instruction therein has been 
framed extending over four years, in which various other classes at the school 
have been utilised in the preliminary stages, and the opportunity will be taken 
in giving the necessary instruction in the principles of structural design, to show 
their application to all constructive materials. This, while a necessary part of 
reinforced concrete instruction, 15 to be so arranged as to appeal to those who 
desire to obtain a knowledge of the higher theory of structures. This branch also 
will be distinctive, because the practical design of structures will be demonstrated, 
including such subjects, for instance, as heavy timberwork, bins, foundations, 
piles, reservoirs, tanks, pipes, culverts, bridges, statically indeterminate structures, 
fire-resisting construction, architectual acoustics, etc. The last two named 
are specially noteworthy, and the lecturer will impart much original information. 
To supplement the foregoing a class will be formed to give practice in the drawing 
and design of structures in reinforced concrete and steel. This class will be 
conducted on the lines of a drawing office. 

The details of the course are given in our Memoranda, and we would only 
add one suggestion, and that is the arrangements be such that district 
surveyors and other men of mature age may have certain facilities and certain 
seats reserved for them, that if they be desirous of learning, they need not be 
seated side by side with the younger students. In Germany special seats are 
reserved for officials and others desirous of keeping themselves posted in 
educational work originally planned for juniors, and the facilities accorded are 
appreciated by the controlling authorities who realise that their officers must 
keep “ up-to-date.” 


ELECTROLYSIS AND REINFORCED CONCRETE. 


The American Technical press is according considerable attention to damage 
caused in buildings by electrolysis. 

We are collecting data, as the matter 1s of some importance to the designers 
and users of reinforced concrete. 

Any cases that have come to the knowledge of our readers would be welcome, 
and if desired would be dealt with in our columns without mention of location, 
owners or construction. 


REINFORCED CONCRETE CHURCH. 


HAMPSTEAD. 
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By ALBERT LAKEMAN. 


The use of reinforcea concrete in ecclesiastical buiidings is stil. somewhat of an excep- 
tion, but its application for this purpose is on the increase. The example here presented 
will, therefore, be of interest to our readers. — ED. 


Tuts church is now being erected at Hampstead, in the Garden Suburb, from the 
designs of Mr. E. L. Lutyens, F.R.I.B.A., and it will be capable of seating nearlv 
I,000 persons, exclusive of the gallery appropriated to the choir, and in addition 
space is found for a choir-room, church parlour, and various offices. The eleva- 


: 


т K IL т аи TT IT TIT IR DONT I 


И. ЖКО Т IT 


Fiz. l. Centerinz for Inner Dome. 
REINFORCED CONCRETE AT THE FREE CHURCH, HAMPSTEAD. 


tions are striking, and possessed of a character which will render the building in 
keeping with its surroundings, with the high-pitched roof and brick dressings, as 
shown in Fig. 2 
It is interesting on account of the fact that the constructional weight-carrving 
members are designed in reinforced concrete, these consisting of columns, beams, 
and domes. 
_ On reference to the plan illustrated in Fig. 3, it will be seen that the nave is 
divided into a main and side aisles by a row of columns, four on each side. These 
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columns are about 28 ft. high, and, with the exception of those under the dome, 
the lower 9 ft. is 2 ft. 9 in. square, whilst above this the column is circular. 
The reinforcement in the lower portion consists of four {-1п. square bars in the 
corners and eight similar bars spaced equally on the circumference of an internal 


Fig. 2. Elevations. 


REINFORCED CONCRETE AT THE FREE CHURCH, HAMPSTEAD, 


circular cove, having a diameter of 1I ft. 9} in., and these latter are carried 
straight up to form the reinforcement for the upper circular part of the column, 
the square bars in the corners of the lower portion being bent into the circular 
portion and carried well up. The hooping is provided in the form of }-in. square 
links spaced at 12-in. centres, The foundation under each column consists of a 
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concrete base 8 ft. by 5 ft., having square sides for a height of 1 ft. 3 in., and above 
this the concrete is splayed back to meet the size of the column. The reinforce- 
ment consists of | ;-in. diameter rods at 12 in. centres, and 3-in. cup bars at right 
angles to the latter and spaced at 7-in. centres. 

These columns are spaced at 22-ft. centres along the lines of the central 
aisle, which is 
28 ft. 6in. wide. Con- 
crete beams 18 in. by 
I8 in. are carried on 

‘these columns, having 
a span of 22 ft., and 
being reinforced in the 
upper surface with 
eight 3-in. cup bars, 
and in the lower sur- 
face with eight {-in. 
square bars, the latter 
being bent up at the 
ends to resist shear. 
The two sets of rein- 
forcement are connec- 
ted with 1-in. diameter 
rods bent round them 
at distances from 6 in. 
to 12 in. The con- 
nection between the 
beams and the head 
of the columns is 
augmented in each 
case with four bars 
1i-in. diameter, having 
a length of 3ft. These 
beams are illustrated 
in the detail drawing 
shown in Fig. 8. 

Thecolumnscarry- 
ing the dome, which 
are illustrated in 
Fig. 5, are similar 
in height to those 

| pones previously described, 

but they are 2 ft. 4} in. square in the upper portion, while the lower 9 ft. is 
increased to 2 ft. 9 in. square. The disposition of the reinforcement is shown 
in the illustration, and it consists of eight j-in. square bars with р,-іп. diameter 
links at every 6 in. Four extra bars are inserted in the corners of the lower 
portion where the increased size occurs. The concrete foundation for these 


Fig. 3. Ground Floor Plan. 
REINFORCED CONCRETE AT тнк FREE CHURCH, HAMPSTEAD. 
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columns is constructed with a slab 9 ft. square, having vertical sides for a 
height of 12 in. from the bottom, with a splay above this point to meet the size 
of the column 2 ft. above. Reinforcement is provided in the form of {-1п. bars 


spaced at I0}-in. centres, with three stirrups at each end of every bar not crossing 
the mitre line of the splay at the corner. 


The columns under the dome are connected by concrete arches having a 
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Fig. 4. Centering for Concrete Cone. 
REINFORCED CONCRETE AT THE FREE CHURCH, HAMPSTEAD. 
rise of about 13 ft., and a depth at the crown of 4 ft. 6 in. These have a thickness 
of 2 ft., with reinforcement as indicated on the drawings of this portion illustrated 
in Fig. 6. Theinner dome, which has a radius of about 15 ft. and a rise of about 
I2 ft., 1s carried from these arches, and the planis brought from the square to an 
octagonal shape by beams 4 ft. 6 in. in depth and 2 ft. thick, which cut off the 
angles above the pendentives, the latter being formed with a minimum thickness of 


41n. of concrete reinforced with expanded metal. The beams are reinforced with 
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upper surface, with ]-in. links at 12-in. centres round both sets. The dome itself 
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has a central opening 6 ft. in diameter, and the ring round this is formed with two 
I4-in. rods and two т-їп. rods, while the reinforcement in the main portion con- 
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Fig. 
REINFORCED CONCRETE AT THE FREE CHURCH, HAMPSTEAD. 


sists of ;*-in. diameter circum- 
ferential rods in the upper and 
lower surfaces placed alternately 
at I2 in. apart, and similar radial 
rods spaced at 12-in. centres at 
the springing. The photograph 
in Fig. т illustrates some of 
the centering in position for this 
dome and the beams. An inter- 
esting piece of construction is 
that between the inner dome 
just described and the outer 
dome which is built up with 
timber framing, this latter being 
supported by reinforced concrete 
in the form of the frustum of a 
cone 30 ft. 6 in. high, having a 
diameter of 6 ft. at the top and 
21 ft. at the point where it 
leaves the inner dome. Some 
idea of this piece of construction 
can be gathered from the photo- 
graphic view shown in Fig. 4, 
which illustrates the shuttering 
necessary at this point. Thecon. 
crete is 9 in. thick, and it is 
reinforced with radial rods 3-in. 
diameter spaced at 12-in. centres 
at the base, and circumferential 
rods } in. by 5 in. flat at 12-in. 
centres generally. Four openings 
occur in the lower part, each 4 ft. 
3 in. wide and то ft. 1o in. high, 
and these have 9 in. by 9 in. con- 
crete transoms reinforced with 
four j-in. by j*-in. flat rods. 
The rods in the cone are carried 
down on the outer side of the 
inner dome, forming a connection 
between the two,and giving mono. 
lithic construction. The details of 
this portion are illustrated in} Fig. 
7.4 The Cubitt Concrete Construc- 
tion Co., of Gray’s Inn Road, were 


responsible for the execution of this portion of the building. 
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| 
CONCRETE ENGINEERING | 
(THEORETICAL). 


Ву A. C. DAVIS, F.C.S., Assoc.Inst.C.E. 


In our last issue we published the text of Mr. A. C. Davis’ lecture on the practical side 
of concrete engineering, and in the current number we give his discourseon the theoretical 
side. Both these lectures were delivered by Mr. Davis at the University of Cambridge. —ED. 


REINFORCED concrete construction in engineering practice consists, as has been 
previously explained, of a combination of concrete and steel so placed relatively to 
each other that the steel takes up the tension strains whilst the concrete withstands 
the compressive stresses. 


ADVANTAGES OF REINFORCED CONCRETE. 

The reason for distributing the stresses and strains in this manner between the 
two materials is primarily a matter of economy. 

The cost of reinforced concrete construction, although higher than that of timber, 
compares very favourably with steel structures. The initial cost, however, must not 
alone be considered. It is estimated that the elimination of painting and main- 
tenance expenses alone justifies an additional increased cost of from 10 to 15 per 
cent. over the cost of steel construction. 

The saving which has been obtained by H.M. Office of Works in its public buildings 
has been officially stated to be 20 per cent., as compared with other methods of con- 
struction. 

This saving in cost does not however fully represent the advantages of the use of 
concrete in compression, for the reasons shortly to be stated. 

No comparison can be made between the cost of concrete and steel in tension. 
Concrete is quite unreliable when used in this manner, and although it may be expected 
to withstand a tension stress of 400 lb. per sq. in. under loads which are gradually 
applied, its liability to sudden fracture from temperature stresses and suddenly applied 
loads has necessitated any resistance to tension which it may possess being entirely 
disregarded in engineering structures. 

Apart from the relative cheapness of concrete when used in compression, and of 
steel when used in tension, the advantages of the combination of the two materials 
may be summed up as follows. 

The steel is held firmly in its place, and therefore long thin lengths can be com- 
pressed without lateral distortion. It is entirely preserved from oxidation by the 
alkaline properties of the concrete which surrounds it. Rust being thus prevented, 
periodical painting of the steel is rendered unnecessary, and the maintenance charges 
of the structure become negligible. 

A further advantage of the combination of steel and concrete is that the steel is 
rendered fireproof by the non-conductivity to heat of the concrete which surrounds it. 
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The use of these two materials forms, perhaps, the most fire-resisting combination 
at the disposal of engincers. Even if a moderate portion of the heat from a fire did 
penetrate the concrete, little harm is done. The respective cocfficients of expansion 
of steel and concrete аге identical, or nearly so, and апу internal strains set up through 
temperature variation are not sufficient to destroy the bond between the two materials. 

In examining the theory of rcinforced concrete construction the two principal 
members which we should consider are the beam subject to transverse stresses under 
a load and the column taking a direct compression. | 


BEAMS. 

In a plain rectangular beam, which is shown in section in Frg. 1, it is usually 
assumed that the coefficient of elasticity in compression is the same as in tension, 
and that the neutral axis where the forces change from compression to tension is 
midway between the top and bottom of the beam. The 
stress intensity on the fibres of the beam varics directly 
with their distance from the neutral axis. 

These stresses may be conveniently shown in the 
form of the shaded triangles in this Fig. 1, the width 
of the shading at any distance from the ncutral axis 
being proportional to the stress at that point. In cal. 
culating the bending moment which such a beam will 
resist, it is necessary to find the centre of gravity of 
each of the triangles and to determine their distance 
apart. Very little consideration of geometrical laws 
shows us that the centre of the upper triangle is at a 
point one-third of the perpendicular distance down the 
upper triangle, or one-sixth of the total depth of the 
beam. Similarly, the centre of tension is one-sixth of 
the depth from the extreme lower fibres. With the deduction of these two-sixths of 
the distance, it necessarily follows that the distance apart of the centres of com. 
pression and tension is two-thirds the depth, and to obtain the moment of resist- 
ance of the beam the maximum stress of the material within the triangle is multiplied 
by two-thirds the depth. 

In reinforced concrete, however, the case is not so simple as this; a reinforced 
beam is a discrete beam. The coefficient of clasticity of concrete is not the same as 
that of the stecl, and the neutral axis is not midway between the top and bottom of 
the beam. 

The movement of the neutral axis up and down the depth of the beam may be 
illustrated by assuming extreme cases. Let it be assumed that the arca of steel 
used in the reinforced concrete beam is so great that it becomes practically inex- 
tensthle, and that under the weight 
applied the concrete is crushed up. 
This is illustrated in Fig. 2. The 
points АВ (Fig. 2) are crushed up 
together into the position shown by the 
dotted lines. It will be seen that the 
whole of the concrete is in compres- гв 2 
sion, and that the ncutral axis 15 low 
down in the beam just above the stecl. Take the other extreme in which the 
section of steel is so small that it stretches under the applied weight as in the case of 
elastic. A vertical line on the side of the beam opens out as at CD. If the con- 
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crete refused to be compressed, the strain would be taken Фу the top fibres, the con. 
crete below this point would follow the stcel by opening out, and the neutral axis 
would be near the top of the beam. 

Between these two practically impossible extremes it will be seen that the neutral 
axis moves up and down the beam, and that its position varies with the amount of 
steel and its elasticity, and also with the amount of concrete апа its elasticit v. 

Before any calculation of the moment of resistance of a beam can be made, it is 
therefore necessary to locate the neutral axis. The coefficient of elasticity of concrete 
is a variable quantity, as is also that of steel. In the latter case, however, so much 
experience in manufacture has been obtaincd that an engineer may specify the elasticity 
of the steel he desires to use, and may rely with every confidence in obtaining it. As 
a rule, mild open-hearth steel with a coefficient of elasticity of 30,000,000 lb. per 
Sq. in. is uscd. 

The coefficient of elasticity of concrete varies with the quality and quantity of 
cement used, with the character of the aggregate, with the age of the concrcte, and 
with the stresses to which it is subjected. 

The limits of this variation are roughly between 3,000,000 lb. and r,500,000 lb. 
per sq. in. Modern practice in reinforced concrete design places the coefficient of 
clasticity of concrete at 2,000,000 lb., which is the average result obtained with 
concrete, made with 41 parts or 5 parts of good hard stone and sand aggregate to 1 part 
of cement. 


Steel has therefore 15 times the elastic resistance of concrete, and the ereater the 
amount of stecl used the ower the neutral axis is found. In practice, however, but a 
small proportion of stecl is used—about 
I per cent., and the total clasticity of this 
small quantity is greater than the total 
elasticity of the concrete. The neutral axis 
' js therefore above the centre line of the 
beam, and is, as a matter of fact, about 
а two-fifths of the depth from the top 


3 ; (Fig. 3. The use of 2 per cent. of steel 
^ : brings the neutral axis approximately to 
\ ‚ the centre. 

"D Turning to the notes and formule, a 


method of ascertaining the proportionate 

depth of the neutral axis will be found in 

fie 3 formula numbered (3) in the Appendix 

hereto, & represents the depth of the neutral 

axis, where P is the proportion of mctal to concrete, and m the ratio of elasticity of 
the two materials. | 


I have not given the full working out of the equations, as such working involves 
merely a knowledge of the simple algebraical rules. Sufficient information is, however, 
given to enable the full working to Ье carried out in private study. 

Formule for ascertaining the tension on the steel and the compression in concrete 
are shown numbered (5) and (6) in the Appendix. Immediateiv above these equations 
is set out the moment of resistance of the beam (Formula а). Let us take first the 
moment about the centre of compression. This consists of the total tension on thc 
steel multiplied bv its distance from the centre of compression in the concrete. The 
total tension in the steel is the product of the area of the steel, .4,, and the tension 
per square inch, ¢. The distance from the centre of compression is d — ikd, and is 
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shown in Fig. 3. The depth of concrete in compression down to the neutral axis is 
kd. The stress diagram of the concrete is triangular, exactly as it is in an ordinary 
rectangular beam. In the same wav the distance of the resultant thrust from the 
top of the beam is one-third of the depth to the neutral axis. The total distance from 
the steel to the centre of compression is therefore d—jkd. This is equivalent to the 
expression two-thirds d in the case of the ordinary rectangular beam shown in Fig. 1. 

In taking the total compression in the concrete, it will be noticed that only half 
the area of concrete is considered and shown as $4, in Formula (a). This is due to the 
compression on the concrete varying from nothing at the neutral axis to the maximum 
at the top fibres, exactly as in the сазе of ordinary rectangular beams, with the principles 
of which you will be acquainted. 

Formule (5) and (6) follow naturally from those which precede them, and the full 
working out can be done at leisure. 

It will be seen by an inspection of numbers (5) and (6) that the tension on the 
steel per square in., /, and the compression in the concrete, c, both vary directly with 
the bending moment, M. If the bending moment, M, were doubled, the tension, 2, 
would be doubled, as likewise would the compression, c. It follows, therefore, that 
if the correct proportion of steel were used in the manufacture of a concrete bcam, 
and if such a beam were loaded until it failed, the concrete and the steel would both 
be stressed to their utmost, and would fail at the same moment. If too much steel 
were used the concrete would fail. If too little steel were used the steel would fail 
first. 

The proportion of steel which will exactly balance the concrete under stress is 
known as the '* economic ratio ” of reinforcement. This ratio is worked out in equations 
(71 to (12). In No. 12 it will be seen that when a reinforced concrete beam contains 
about 0:7 per cent. of steel in tension, both the steel and concrete are stretched to their 
utmost under a breaking load. The neutral axis is shown by cquation No. 9 to be 
0:36 down the depth of the beam. In actual practice it is general to reinforce with a 
somewhat greater proportion of steel, usually from 1 per cent. to 2 per cent. The 
result is that, through the rigidity of the steel being increased, the neutral axis is 
moved lower down the beam and a greater area of concrete is put into compression. 
The beam is stronger for a given section, but the concrete is weaker than the stecl, 
and will fail first under a breaking load. 

In engineering books a convenient formula for the strength of rectangular beams 
is put in the form of Cbd?, where C is a constant, varying with the quality and kind 
of material which is to be used in the beam. 

A similar formula with reference to reinforced concrete beams is given in No. 15 
of the Appendix. By simplv varving the proportions of depth and breadth апу 
number of beams can easily be designed to resist a given bending moment. Where 
the depth of the beam is limited bv local conditions the breadth necessary to take the 
load can readily be found from the formula. Where the breadth is limited the depth 
can be ascertained. 

It should be remembered that throughout these formule the depth mentioned is 
the effective depth from the top of the beam to the centre of gravity of the steel rein- 
forcement as seen in Ёё. 3. In actual practice the beams will be of greater depth 
than indicated here. From 1 in. to 2 in. of concrete should be placed below the steel 
as a fire protection, while in floor slabs this thickness can be reduced to } in. 

Shear Stress in Beams.—tHaving now considered how the bending moment of a 
loaded beam is to be met bv embedding steel near the bottom of the beam, it is neces- 
sarv to consider the question of shear. 
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If a long beam reinforced only at the bottom is loaded to breaking point, it will 
not fail at the centre through bending, but near the supports through shear. The 
load above and the supports below act as the two blades of a pair of shears, and break 
through the concrete. 

The matter of shear is complicated by the bending moment of the beam. The 
bending moment acts horizontally while the shear acts vertically. If these two com- 
ponents, say in tension, be blotted out, the direction of the resulting stresses can be 
shown diagram. 
matically, as in 
Fig. 4. The 
curves show the 
direction of the 
tensile stresses 
under the load. 

hie + Shear is greatest 

at the ends of the 

beam, and as the direction of the shear is here perpendicular, the lines approach that 

position at the ends of the beam. Bending stresses, on the other hand, arc greatest 
at the centre, and are horizontal in direction, as shown by the lines. 

The concrete which is not relied upon to withstand tension is strained in the 
direction of the lines, and if not prevented will break at right angles to such lines. 

At the bottom of the beam it will be seen that the lines follow the direction of 
reinforcement for bending moment; but at the ends, where thelines curve into the 
perpendicular position, further steel must be inserted to carry the strains down to the 
main tension bars and form a strengthening web connecting the top compression lavers 
of the beam with the bottom. These members, known as shear members, follow 
closelv upon the lines of tension if placed at an angle of 45? with the main tension 
bar. They may also run up vertically from top to bottom of the beam in the form 
of stirrups. In this case, although the vertical stirrups do not follow so closely the 
lines of tensile stress, the defect may be remedied by placing them more closely 
together. 

A reliable method of calculating diagonal tension in a concrete beam cannot be 
given. We have to deal with a combination of horizontal stress and vertical shear, 
and the former of these two components is indeterminable. The practical solution 
of this difficulty is to neglect the horizontal stresses in the concrete and to rcinforce 
for shear only. It therefore follows that since the shear is greatest at the ends of the 
beam, the web reinforcement will be greatest at the ends, and will gradually diminish 
towards the centre. 

The method of fixing the web or shear reinforeement to the main tension bars 
varies considerably, and in many cases forms the chief talking point of the many 
proprictarv and patented systems of reinforced concrete construction now upon the 
market. 

In the Henncbique system stirrups, in the form of the letter “ U," are placed 
round the bars at varying distances and extend vertically up into the concrete. In the 
Kahn svstem two webs are rolled, one on each side of the main bar. These webs are 
sheared through at the factory, but left connected to the bar for a small portion of 
their length. The free end is then turned upwards at an angle of 45°. In the Perfector 
bar a wcb underneath the main bar is slotted in such a wav that the shear reinforcc- 
ment тау be threaded through the slot, and so held in position. 

Another wav of rcinforcing against shear is to usc a comparatively large number 
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of main tension bars in the bottom of the beam, and to turn up to the top of the beam 
several of the bars at varying intervals to form shcar members. 

The adhesion of concrete to metal is usuallv taken at тоо lb. per sq. in., and a 
little consideration will show that, if the ultimate stress of the steel is taken at 15,000 lb. 
per sq. in., a I-in. round rod requires a length of 374 in. buried in the concrete in order 
that the adhesion of the two materials may be equivalent je the ultimate load on the 
rod. Аз the surface of the rod, and therefore its adhesfon per lincal inch, is propor- 
tional to its diameter, it follows that a }-in. rod will be efficiently anchored in one 
quarter of the above length, or only 9:37 in. Smaller rods, therefore, give better 
adhesion, and those of large diameter should be bent or split at the ends to provide a 
sccure anchorage in the concrete and prevent slipping. 

In spite of the fact that the largest and most important of the European structures 
in reinforced concrete have been carried out with plain round bars, and that no dis- 
advantage from the slipping of the steel within the concrete has been experienced, 
American practice leans somewhat towards the use of what are known as deformed 
bars, which key into the concrete every few inches of their length. In many cases, 
such as with heavily vibrating floors and those subject to frequent and heavy shock, 
there is no doubt a considerable advantage attends their use, but there is equally no 
doubt that plain round and square rods of continuous section throughout are quite 
equal to all ordinary requirements. 

Whilst speaking of patented systems, it may һе remarked that one of the earliest 
svstems of reinforced concrete construction adopted in this country was that of the 
Expanded Metal Company. In this system flat rolled-steel sheets of various thick- 
nesses are cut and expanded by machinery into meshes of a diamond shape, and in 
this form the sheets are used for reinforcing floor slabs. 

А modification of this system is now being introduced in the form of woven wire 
netting, which is used in one continuous length from one end of a floor to the other. 

In designing floor slabs with ordinary stecl rod reinforcement, it is usual to take 
a convenient width, say I2 in., and ascertain the load, the depth, and reinforcement as 
for a rectangular beam 1 ft. wide. 


COLUMNS. 


Now to come to columns. In calculating the compression stresses upon columns 
under load, it must be remembered that as steel is much more resistant to compression 
than concrete, it will take up a greater proportion of the load than is proportional to 
its area. Where m equals the ratio of the coefficients of elasticity of steel and con- 
crete, the load on the steel will be » times that of concrete per square inch. In 
practice it is found to be from Io to 15 times as much. 

The stress on the materials can be calculated from Formule (16) and (17) which 
explain themselves. The reason for taking (m—1)A instead of mA is that the arca 
of the stecl has already been taken in .4 , which represents the over-all dimensions of 
steel and concrete combined. 

Ап important development in the reinforcement of concrete columns is duc to 
M. Considére, who has recently shown that steel rods or wire in the form of a spiral, 
round a column of circular section, has a very marked effect upon the strength of the 
column. It has been proved that reinforcement in the form of a spiral has three 
limes the effect in strengthening the column as a similar quantity of stecl placed 
axially to take the thrust in the direction of its length. The spiral armouring of columns 
is also an efficient safeguard against the possible effects of defective concrete, as poor 
concrete strengthened in this manner has been found to be as strong as richer mixtures 
with similar reinforcement. Concrete heavily armoured with several concentric 


666 


QE СОНРА CONCRETE ENGINEERING. 


steel spirals has been known to withstand a weight of 11 tons per sq. in. of section, 
whereas ordinarv concrete will crush at about 1 ton per sq. in. 

The elasticity of such columns is verv much greater than with concrete reinforced 
with longitudinal rods. Considere columns have been shortened thirty times as much 
as plain conerete at its breaking point. 

Columns reinforced in this manner are not well able to withstand axial stresses, 
and a heavy lateral blow while such a column is subject to a heavy load may cause 
it to fail. 

It is therefore advisable to combine spiral with longitudinal armouring, and the 
diameter of the column should be at lcast one-tenth of its length, where the limit ot 
pressure is as much as 1.400 lb. per sq. in. If these proportions cannot be maintained 
the load should be reduced. 

When the column and beam are thoroughlv understood, the principles of design 
as in ordinary engincering applv in reinforced concrete. 

Truss girders and arches can be designed in the usual wav with very little special 
reference to reinforced concrete. 

There are, however, one or two points in design where pure theory is not closely 
followed, on account of there being found in practice a number of uncertain factors 
to take into consideration. 


CALCULATION OF BENDING MOMENT. 

Take the bending moment in beams. A beam uniformly loaded throughout its 
length, and freely supported at its ends, has for its greatest bending moment, in inch- 
pounds at the centre, onc-eignth of the weight in Ibs., multiplied by the length of the 

WI 


span in inches. This is shortly written as Me 


Few beams are, however, freely supported. Most beams in buildings are partly 
fixed at their ends, cither by being built into walls or through being continuous over 
several supports. If thev are fixed at their ends the greatest bending moment is at 


coL. | 
the ends, and is m with tension at the top of the beam. At the centre the bending 


moment is Er In practice the fixing of the ends must be considered as imperfect 


or uncertain, and the bending moment at the centre must be calculated at not less than 


- - 


s instead of zT In this case the moment at {һе supports will be considerably 


less than = 


- 


In calculating the bending moment the following points must be considered : 


The weight of the matcrials forming the beam, gencrally known as the dead 
load. І 


The live or accidental load which the beam is to support. 
The factor of safety. 

The weight of the concrete is 150 lb. per ft. сире. A ready way to remember 
this is to recall that a foot run of beam weighs the same number of pounds as it has 
square inches in cross section. Thus a g-in. by 12-in. beam weighs 108 Ib. per ft. run, 
and 15 108 sq. in. in cross section. А 12-in. bv 12-in. beam, by this rule, would weigh 
1.44 lb. per ft. run, and be 1 ft. square in section. This is near enough to 150 lb. per 
cu. ft. for practica! purposcs. 

The live or accidental load depends upon the use to which the building is to 
be put. 

The factor of safety may be allowed for in several ways. One тау multiply the 
ordinary bending moment by the factor of safety, and then design a beam to rcach its 
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ultimate strength or just fail under that load, or one may adopt a series of safe stresses 
and ignore the factor of safety. 

In the Appendix hereto the safe tension in steel is given as 15,000 to 17,000 Ib. 
per sq. in., and if the factor of safety is to be ignored, the strain on the steel due to the 
dead and live loads should һе between these limits. 

It will also be seen that the safe stress in the concrete should not exceed боо Ib. 
per sq. in. in similar circumstances. 

If a factor of safetv has already been taken into consideration, the stresses of 
60,000 lb. per sq. in. for stecl and 2,400 lb. for concrete mav bc used. 


APPENDIX. 
NOTATION AND FORMULÆ. 


М = bending moment in inch-pounds. 
і = tension in steel, lb. per sq. in. (5) 15.000 to 17,000 or (U) 60,000. 
c— compression in concrete, lb. per sq. in. (5) 500 to боо or (U) 2,400 to 3.000. 
k= proportionate depth of neutral axis. 
b= breadth. 
d — depth to c.c. of stcel. 
A, — kbd — area of concrete in compression. 
A, = pbd — area of stcel in tension. 
P= А, bd-zratio of steel to concrete. 
n --FE,E,-ratio of coefficients of elasticity in stec] and concrete= 
30,000,000/12,000,000 lb. per sq. in.— 15. 
The figures preceded by (<) —safe stresses, and those preceded bv (U) —ultimate 
stresses. 
Safe shearing stress in concrete, бо lb. per sq. in. 
Adhesion, concrete to metal, тоо lb. per sq. in. 


NEUTRAL Axis IN BEAMS. 


On account of the greater rigidity of steel, at a given distance from the neutral 
axis, the stress per square inch in the steel will be » times as great as 1n the con- 
crete, or 

mc:hkd : :t:d — kd, 
AN A (1). 
m(1—k) 
But by equating the moments of compression and tension, 
1Adbc = phat, 


"Ru d 
k 
Replacing c in terms of (1), 
LN 
т(1—Ё) k’ 
k? 
و‎ ? 

р 2m(1-— A) (2). 
к= 4 pint 2pm — рт (3). 


An approximate location of $ is made by Talbot. based upon experiments on 
beams : 
h—264-18Pp (4). 

_ The bending moment due to the load upon а beam is met by the moment of 
resistance of the beam, which, in its turn, is found by multiplving together the effective 
area of the stecl or concrete, the tension or compression per square inch, and the 
distance from the opposite point of compression or tension : 

M = af(d — kd) or 1.4,c(d — ikd) (a) 
— thhd'*(1 — Yd) or 1ckbd(d - Р) 
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Hes from whence it follows 
М н 
г ° Ба 1 P 
ue 2M 
= abba CM) (6). 
"LS To find the economic ratio p of reinforcement : 
since M — tpbd*(1— AK) —lckbd'(1— 3È), 
qe асй=1р; 
TN k? 
substituting ле from (2), 
1 k= QE = , 
2m(1-— А) 
cm 
| tem (7), 
Y Й 1 г. 
Б (8). 
cm 
t, c, and mn have known values, being usually 16,000, боо and 15 respectively, 
='36 (9), 
1— 1А ='88 (10). 
It was shewn that Ich = 1р, 
е єЁ 
| =, (11). 
And since c, k, and £, are known, being боо, -36 and 16,000 respectively, 
.. the economic ratio р = '00075 (12', 
or approximately :7 per cent. 
The strength of a beam тау be put in the form of 
M = Chd’ (13), 
where C is a constant for given values of p, t, c, and m. 
Since M - tpbd? (1 — 34) = 1chbd*(1— 1А), 
=[tp(1 — 3А) ] bd? = (ich (1 — 3) ba? (14). 
and with values previously given for the economic ratio, 
M —95'04 bd’ (15). 
Where f is not in economic ratio, ^ must be found from (3). 
In columns subject to direct loads 
P P 
“= A.+ma—a_ А (т 21)а o 
{= mc (17). 


where л. = total area of section of the column, a=area of steel placed longitudinally, 
and P=total load in lbs. 
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THE CATSKILL MOUNTAIN 
WATERWORKS FOR NEW 
YORK CITY. 


As in the case of the Panama Canal, the waterworks dealt with in this article 
afford a remarkable example of the modern application of concrete, concrete masonry ana 
Portland cement.—ED. 


Tue Catskill Mountain water project is one of the most stupendous undertakings of 
its kind, and is second only in importance in American engineering works to the 
construction of the Panama Canal. It will provide New York with water for at 
least thirty years, and this notwithstanding the great annual increase in that city’s 
population. | 

The scheme comprises the Ashokan Reservoir, which is now being built under 
contracts amounting to nearly 42,800,000, and which will have a capacity of 
130,000,000,000 gallons of water, and a surface of 590 ft. above sea level. This 
reservoir is connected to the citv bv means of the Catskill Aqueduct, which is to 
have a daily capacity of 500,000,000 gallons. There are also numerous branch 
aqueducts and reservoirs, filtration plants and aeration fountains, a delivery tunnel 
from Hill View Reservoir to the heart of Brooklvn, and large pipe conduits to Queen's 
and Richmond Boroughs, 


THE CATSKILL AQUEDUCT. 

This aqueduct, which is to convey the water from the Ashokan Reservoir to 
the Hill View Reservoir, will be the longest structure of this kind in the world, the 
total length being 110 miles. 

There are four distinct tvpes of aqueduct, cut-and-cover, grade tunnel, pressure 
tunnel, and steel-pipe siphon, north of the city line. 

Cut-and-cover will form 55 miles of the aqueduct, will be of horseshoe shape, 
17 ft. high bv r7 ft. 6 in. wide inside, and will be constructed of concrete in trench, 
requiring 4.96 cu. vd. of concrete per linear ft. 

This trench did not require pumping, and as soon as the bottom was trimmed 
the invert concrete was put in in sections 15 ft. long. When the invert concrete 
was three or four days old the torms for the side walls were erected. These side 
walls were built to a height of 8 ft., with a tongue and groove joint with the invert. 
The concrete for the side walls was delivered Ьу steel buckets, which were turned 
sideways, so as to dump about one-half their contents in the form and the other 
half on the edge of a working platform on top of the forms, whence it was shovelled 
in as required. Concrete was dumped direct on the inner form at the crown, and 
was thoroughlv spaded. After the concrete was 24 hours old the outside forms 
were stripped off, and, after 72 hours, the inside forms were removed. 

Ihe total amount of concrete required for this cut-and-cover aqueduct will be 
143,000 cu. vd. The illustrations on pages 671,672 and 673 show the aqueduct in succes- 
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sive stages of construction. On page 672 the men are seen placing the concrete in 
forms with the aid of locomotive derricks and dumping buckets. Page 671 shows 
the concrete invert, steel inside and outside forms. placing arch concrete and com- 
pleted concrete section. 

Where hills or mountains cross the line, and it would be uneconomical to cir- 
cumvent them, tunnels at the natural elevation of the aqueduct are driven through 
them. There are 24 of these grade tunnels, aggregating 14 miles. They also are 
horseshoe shape, 17 ft. high by 13 ft. 4 in. wide, and lined throughout with concrete. 


View showing Completed Concrete Section; Steel Forms; Placing Arch Concrete. 


Сот AND CovER AQUEDUCT IN COURSE OF CONSTRUCTION. 


Where deep and broad valleys must be crossed, and there is suitable rock beneath 
them, circular tunnels are driven at great depth in the rock and lined with concrete. 
There are 7 pressure tunnels, totalling 17 miles, with diameter of about 14 ft. A 
shaft at each extremity connects each pressure tunnel with the adjacent portions 
of the aqueduct. 

Steel-pipe siphons are used in valleys where the rock is not sound, or where, 
for other reasons, pressure tunnels would be uneconomical. These steel pipes are 
made of plates rivetted together, from ү; in. to } in. in thickness, and are о ft. and 
r1 ft. in diameter. Thev will be lined with 2 in. of cement mortar, embedded in 
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concrete, and covered with an earth embankment. There are r4 of these siphons, 
aggregating 6 miles. 
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THE OLIVE BRIDGE DAM. 
This dam and the Beaver Hill dykes form the Ashokan Reservoir. The reservoir 


will be 12 miles long and about 1 mile wide. The Olive Bridge Dam will be 1,000 ft 


Placing Concrete in Forms. 
Cut AND COVER AoUckptc T IN COURSE OF: CoNSTRUCTION, 
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long, rising to a height of 240 ft. The dam is faced up stream and down with concrete 
blocks enclosing a cyclopean fill. The blocks are made in wooden moulds having 
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Des 
ed block. The concrete 
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steel linings, which ensures a smooth suríace in the finish 


is a I : 3: 6 mixture. 


The total volume of concrete m . of which 


asonry in the dam will be 550,000 cu. yd. 
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zrection on Concrete Cradles. 


will be formed of concrete blocks flanked by an earthen wing. Core 


65,000 cu. yd. 
into these wings. 


walls of concrete will be built 
The construction ot the main dam for the 

NiIessrs. MacArthur Bros. Co. and Winston & Co. 
67 3 
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Ashokan Reservoir is in the hands of 
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The work is designed and supervised by the engineering bureau of the Board 
of Water Supply of New York, of which Mr. J. Waldo Smith is the chief engineer. 


part. 


Concrete Section, showing transverse expansion joints about 84 feet a 
OLIVE BRIDGE Dam. 


PORTLAND 


CEMENT 
AT THE 


AGRICULTURAL 
SHOW, 
NORWICH. 


The ever-growing uses 
of Portland cement in 
country work were ad- 
mirably demonstrated at 
the Norwich Show, and 
similar exhibits should be 
arranged from time to 
time in different parts of 
the United Kingdom, sc 
that the estate owner and 
farmer may learn the 
great economy and effec- 
tiveness o Portland 
cement for their everyday 
requirements. — ЕР. 


Ат the Royal Agricultural Society's Show, held at Norwich recently, one of the most 
interesting stands was that of the Associated Portland Cement Manufacturers (1900), 
Ltd., where a new departure was made, inasmuch as none of their exhibits was for 
sale, but they were on view simply to show the many ways in which Portland cement 
can be utilised for agricultural purposes. 

Amongst their exhibits were a rectangular cattle trough of 110 gallons capacity 
made of concrete reinforced with steel rods and wire netting, quite unbreakable, 
the cost of which was only 115. 2d. ; a circular trough to hold 120 gallons, similarly 
reinforced, which cost 9s.; a small hog trough and a chicken trough. Tiles for 
floors, walls, and roofing, both plain and coloured, were shown ; also the moulds 
and spare reinforcement for all the above-mentioned articles, so that everyone could 
see exactly how to make them. 
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One of the exhibits which appealed most to the majority of the large number 
of estate owners and agents who visited the stand was the reinforced concrete fence 
and gate posts, and the moulds in which they were produced, which could be made 
by any ordinary carpenter. It was pointed out that suitable aggregates can be 
obtained on almost every estate, and the low cost at which these posts can be made 
(fence post rs. od., gate post 3s. rod. each) should be a great inducement to estate 
people to replace wooden posts, which are a continual source of trouble, by concrete 
posts, as these latter increase in strength with арс, and dampness, which destroys 
other materials, only tends to bring out the quality of the cement and make the 
concrete harder. They do not require painting or tarring, which is a matter of 
considerable saving, as no maintenance charges are incurred. 
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Fic. 2, CIRCULAR TANK. 


Photographs were shown of half a mile of fencing erected on the Companv's property, 
the cost of which, including posts spaced 12 ft. apart, straining posts, struts, plates 
tor the feet of struts, five lines of 7-ply wire, with the requisite strainers, and the 
labour of erection, was only 15. 2d. per vard run, which compares verv favourably 
in first cost with wooden posts, and the cost of maintenance is practically nil. 

One end of the stand was enclosed with reinforced concrete rail fencing, which 
is eminently suited for cattle pens, stud paddocks, etc., as there is no possibility 
of cattle breaking it down, and it meets the requirements of the Board of Agriculture 
in regard to cleanliness. 

Another application of concrete to agricultural work is for rick stands, and one 
is shown in Fig. 5. The pillars of this stand are formed of concrete, being 4 ft. high, 
15} in. square at the base, and 8 in. square at the top. The pillars shown were made 
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exceptionally long, as the district in which the rick was situated was subject to 
floods. 

They also showed a hydraulic crushing machine for testing the crushing strain 
of concrete cubes, some composed of cement of their own manufacture and three 
parts of sand, standing 7,000 lb. per sq. in. These machines, which are made at 
their engineering works, are compact and reliable. The dial on the pressure gauge 
shows pounds per square inch, kilos. per square centimetre, tons per square foot, 
and total tons on the block. The selling price is 750. 

“ Poilite," a light roofing tile manufactured by Bells Asbestos Co., which consists 
mainly of Portland cement, attracted a good deal of attention, as did a small machine 


Fic. 3. RAIL. FENCE. 


for making concrete drain pipes, which have the advantage over clay pipes that thev 
arc perfectly true, showing no sign of warping, cost less, and do not deteriorate with арс. 

Two hand-power machines made by the Winget Concrete Machine Co. werc 
being worked on the stand. One, known as the “ Winget,” makes hollow or solid 
blocks for the erection of buildings up to a maximum size of 32 in. by 16 in. bv 9 in. 
This machine makes every size and description of block necessary for the erection 
Of neat and substantial dwellings, farm buildings, silos, etc., including partition 
walls, chimney and flue blocks, etc. The other machine is a smaller tvpe than the 
“ Winget,” and is known as the “ Titan." This machine produces blocks of the 
maximum size of 16 in. by 9 in. bv 9 in. hollow or solid. 
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Each machine is provided with the necessary attachments to make the face of 
the block either “ Rock " pattern or any one of seven different designs, so that a 
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building may have its walls of either plain flat blocks or have the faces diversified 
in a manner agreeable to the owner. 
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lever revealed what appeared to be a beautifully finished and worked stone which would 
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Fic. 6 


be a credit to any 
mason or builder. 
In actual op- 
eration 450 of these 
stones, 32 in. by 
9 in. by 9 in., have 
been produced on 
the“ Winget” in à 
working day of 1o 
hours (the makers 
guarantee 200). 
Thé "Ium 
with a man and a 


boy, will produce 
about 100 16 in. 
by 9 in. by 9 in. 
blocks in a work- 
ing dav. 

With special 
attachments the 
" Winget" also 


makes 2} in. to 
4 in. partition 
slabs, kerb, coping, 
water tabling, gar- 
den edging, 
in fact, with 
machine 
every 


ere. > 
this 
almost 
stone re- 
quired in the con. 
struction of a 
building whose size 
is within the capa. 


city of the ma. 
chinery can Ье 
made. 


Particulars of 


the exhibits and 
instructions 
to male 
the 


were on 


how 
most of 
articles which 
view are 
embcdied in a 
pamphlet entitled 
“Concrete and Its 


Uses on the 
Farm," and this 
wil be sent on 


application to the 
Associated Portland 


Cement Manufacturers (1900), Ltd., Portland House, Lloyds Avenue, London, Е.С. 
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CANADIAN STANDARD 
BUILDING REGULATIONS 


FOR REINFORCED 
CONCRETE. 


At the Annual Meetina of the Canadian Cement and Concrete Association, held in 
Toronto recently, the followina building regulations for reinforced concrete work were 
adopted by the Association.—ED. 


I. GENERAL. 

1. There shall be no fixed limit to the height of buildings of reinforced concrete 
except that arising from the requirements of these regulations. 

2. Before permission is granted by the Building Department to erect any rein- 
forced concrete building, complete plans, accompanied by specifications, signed by 
the engineer and architect, must be filed with the Building Department and remain on 
file for public inspection until the building is completed. 

3. The Building Department shall have access to the computations. These 
shall give the various loads assumed, such as dead, live, and wind loads, the impact 
allowance, if any, and the resulting maximum stresses. 

4. The specifications shall state the qualities of the materials to be used for 
making the concrete and the density and strength required. 

5. Upon the completion of the building the engineer and architect shall issue, 
under the approval of the Building Department, signed certificates, to be posted on 
each floor of the building, stating the safe carrying capacity per sq. ft. 

6. There shall be kept, for the inspection of the Building Department, careful 
records of the progress of the work. These records shall show the date of placing of 
all the concrete, the date of removal of the forms, and they must be turned over to 
the Building Department when the building is completed. 

7. Reinforced concrete walls may be used in place of brick or stone exterior or 
bearing walls with thickness reduced to two-thirds the thickness specified for brick 
walls. Such walls shall not be less than four (4) inches thick. 

8. Reinforced concrete walls shall be reinforced at both faces. The maximum 
spacing of bars in the same vertical plane shall be 18 in. on centres. The quantity 
of metal employed shall be sufficient to provide for a uniformly distributed horizontal 
pressure of 30 lb. per sq. ft. acting on either side of the wall. 


11. MATERIALS. 

¢. Only Portland cement shall be used in reinforced concrete structures which 
meets the requirements of the specifications of the Canadian Society of Civil Engineers. 

IO. Tests of the cement used in building operations shall be made from time to 
time under the supervision of the Building Department and in accordance with the 
preceding specifications. 

II. Fine aggregates shall consist of sand, crushed stone, or gravel screenings 
graded from fine to coarse and passing, when dry, a screen of } in. mesh. Not more 
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than 6 per cent. shall pass a screen having 100 meshes to the lineal inch. They shall 
be of clean, silicious material, free from vegetable loam or other deleterious matter. 

I2. Mortars composed of 1 part Portland cement and 3 parts fine aggregatc, 
when made into briquettes, shall show a tensile strength at least equal to the strength 
of I : 3 mortar of the same consistency and age made with the same cement and 
standard Ottawa sand. 

I3. Coarse aggregates shall consist of inert material graded in size, such as crushed 
stone or gravel, which is retained on a screen of ]-in. mesh. The particles shall be 
clean, hard, durable, and free from all dcleterious material. The maximum size of 
the coarse aggregates shall be such that they will not separate from the mortar in 
laving, and will flow readilv around the reinforcement and into all parts of the forms. 

14. Cinder concrete shall not be used for reinforced concrete structures ; it may 
be used for fireproofing. Where cinders are used as the coarse aggregate, they shall 
be composed of hard, clean, vitreous clinker, free from sulphides, unburned coal, or 
ashes. 

15. Medium steel for reinforcement shall have an ultimate tensile strength of 
58,000 to 66,000 lb. per sq. in., an clastic limit of not less than one-half the ultimate 
strength and a minimum percentage elongation in 8 in. of 1,500,000 divided bv {һе 
ultimate strength. In all respects not covered by this specification, medium steel 
shall conform to the requirements of the General Specifications for Steel Bridges and 
Viaducts of the Department of Railwavs and Canals, Canada, 1908. 

16. High elastic limit steel for reinforcement shall be made entirely from new 
billets, and shall have an ultimate tensile strength of 80,000 to 96,000 Ib. per sq. in., 
an elastic limit of at least half the ultimate strength, and a minimum clongation in 
8 in. of 1,200,000 divided by the ultimate strength. It shall bend cold 180 degrees 
around a pin the diameter of which is four times the thickness of the bar without 
showing fracture on the outsidc of the bend. 

17. All loose rust. scale, or dirt shall be removed from reinforcement steel before 
it is placed in the work. 

III. DESIGN. 
I. GENERAL ASSUMPTIONS. 

18. The ratio between the moduli of elasticity of steel and conerete shall, for a 
concrete crushing at 2,000 lb. per sq. in. in 28 days, be assumed as 15. 

I9. The compressive stresses in a reinforced concrete beam shall be assumed to 
vary directlv as the distance from the neutral axis. 

20. The tensile resistance of concrete shall be assumed to be zero. 

21. Where adequate bond between slab and web of beam is provided, the slab 
may be considered as an integral part of the bcam, and its effective width may be 
determined Ьу the following rules : 

(a) It shall not exceed one-fourth of the span length of the beam. 

(b) Its overhanging width on either side of the web shall not exceed four 
times the thickness of the slab, nor twice the thickness of the web. 

(c) Where the slab extends on onlv one side of the beam, it shall be per- 


missible to consider as effective flange area an overhanging width not greater 
than four times the thickness of the slab or twice the thickness of the web. 


2. BENDING MOMENTS. 


22. In computing the positive and negative moment in beams and slabs con- 


tinuous over several supports, due to uniformly distributed loads, the following rules 
are recommended : 


(а) That for floor slabs the bending moments at centre and at support be 
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w I? 


taken at for both dead and live loads, where z represents the load per 


lineal unit and Ir the span length. 
(b) That for beams the bending moment at centre and at support for interior 


ш 1° w I? wr 
spans be taken at LI and for end spans be taken at id for centre and adjoining 


support, for both dead and live loads. 


23. Floor slabs shall be designed and reinforced as continuous over the supports. 
The distribution of loads longitudinally and transversely in slabs reinforced in both 
directions shall be determined bv the following formula : 

yet um 
where v is the ratio of the load carried transversely to the whole load, L is the length 
and H the breadth of the slab. If the length of the slab exceeds r:5 times its width, 
the entire load shall be assumed to be carried by the transverse reinforcement. Square 
slabs are preferably reinforced in both directions, using reinforcement in cach direction 
calculated for one-half the specified load. 

24. The loads carried to bcams by slabs which are reinforced in two directions 
will not be uniformly distributed to the supporting beams, but mav be assumed to 
varv as the ordinates on the sides of an isosceles triangle, the base of which is the length 
of the beam. The moments in the beams should be calculated accordingly. 


3. WORKING STRESSES. 

25. The working stresses proposed below are for a concrete, the ultimate crushing 
strength of which at an age of 28 days is 2,000 lb. per sq. in. For concrete of greater 
or less compressive strength, proportionate increments to, or reductions from, the 
propose stresses shall be made. 


(а) The maximum allowable compressive stress on the extreme fibre of 
beams shall be 650 lb. per sq. in. 

(b The maximum allowable compressive stress on concrete in columns 
without hoops or in columns reinforced with less {һап 1 per cent. of hooping, 
shall be зоо lb. per sq. in. 

(c) Pure shearing stresses, uncombined with tension or compression, shall not 
exceed 120 lb. per sq. in. 

(d) Shearing stress, combined. with. diagonal tension, shall not be greater 
than 40 lb. per sq. in. 

(e) The maximum allowable bond stress between concrete and plain. steel 
shall be 60 lb. per sq. in., and between concrete and deformed bars approved by 
the architect or engineer, 120 lb. per sq. in. 

(f) The tensile stress on steel reinforcement shall not exceed one-half of the 
clastic limit of the steel nor in anv case 16,000 lb. per sq. in. 

(g) Columns reinforced with longitudinal reinforcement only. shall be figured 
for a working stress in the concrete of 500 Ib. per sq. in., and in the steel, a stress 
of 7.500 lb. per sq. in. 

(Л) Columns with at least 1 yer cent. of reinforcement in the form of bands 
or hoops shall be figured at a working stress of 500 Ib. per sq. in. on the concrete, 

(7) Columns reinforced with at least 1 per cent. and not more than 4 per cent. 
of longitudinal bars, and with at least т per cent. of reinforcement in the form 
of bands or hoops, or with structural steel column units which thoroughly encase 
the concrete core, shall be figured at working stresses of 650 Ib. per sq. in. on the 
concrete, and 0,750 lb. per sq. in. on the longitudinal reinforcement. 


4. DETAILS OF DESIGN. 
26. The lateral spacing of bars should not be less than three diameters, centre to 
centre, nor should the distance from the side of the beam to the centre of the nearest 
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bar be less than two diameters. The clear spacing between two lavers of bars should 
be not less than rin. In по case shall the minimum thickness of fireproofing be less 
than that specified by the Building Department. 

27. In the calculation of web reinforcement to provide a strength of 120 lb. per 
Sq. in., which is assumed to be the maximum permissible vertical shcaring stress on 
beams, no matter how well reinforced for diagonal tension, the concrete mav be counted 
upon as carrying one-third of the shear, or for 2,000 lb., concrete, 40 lb. per sq. in. 
The remainder may bc provided for by means of metal reinforcement, consisting of bent 
bars or stirrups, but preferably both. The area of a stirrup, acting in tension, must 
be proportioned to the force equal to the whole horizontal shear produced between the 
two adjacent stirrups less the amount to be carried by the concrete. This total 
horizontal shear may be found by multiplying the distance between the stirrups by 
the average horizontal unit shear, which is cqual to the vertical unit shear, and is 


» 


represented by the expression d , where V is the total vertical shear not carried by 


the concrete, and d is the depth of the beam to the centre of the stecl. In accordance 
Vs 
d 


or rod bent at 45 degrees it will be o7 2 , in which s is the horizontal spacing of stirrups 
t 


with this method, the stress in a vertical stirrup will be equal to and in a stirrup 


or bent rods in the direction of the axis of the beam. 

28. The longitudinal spacing of stirrups shall be such that at least one rod shall 
intersect below the centre of the beam any 45 degree line of rupture in the portion 
of the beam where the shearing stresses exceed the allowable shearing value of the 
concrete. 

29. The ratio of unsupported length of columns to their least width shall be 
limited to 15. 

зо. The effective area of the hooped column shall be taken to be the area within 
the protective covering which shall not be less than 2 in. in thickness. In the case of 
columns reinforced with structural shapes, it shall be taken as the area wholly within 
the structural shapes. 

31. Bars composing longitudinal reinforcement must be straight, and shall have 
sufficient lateral support to hold them securely in place until the concrete is placed. 

32. The clear spacing of bands or hoops shall not be greater than one-cighth the 
diameter of the enclosed column. Adequate means must be provided to hold bands 
or hoops in place so as to form a column, the core of which shall be straight and well 
centred. 

33. Bending stresses due to eccentric loads must be provided for by increasing 
the section until the maximum stress does not exceed the values specified above. 

34. At the bases of columns, longitudinal reinforcement shall abut squarely on 
bearing plates, or shall be carried into the footing a sufficient distance to develop the 
compressive stress in the reinforcement on the basis of the working stresses specified 
above. 

35. In columns, all longitudinal reinforcing rods shall be properly butted or 
spliced. 

36. Wherever it is necessary to splice reinforcement by means of lapping, the 
length of the lap shall be determined upon the basis of the safe bond stress, and the 
stress in the bar at the point of splice ; or, a connection shall be made between the 


bars of sufficient strength to carry the stress. Splices at the point of maximum stress 
must be avoided. 
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37. Where large areas of concrete are exposed to atmospheric conditions, the 
changes of form due to shrinkage. and variation of temperature must be provided for 
by placing small rods or light fabric near the exposed surface, of a quantity to be 
determined on the basis of the elastic and thermal properties of the materials. 


IV. CONSTRUCTION. 

38. The ingredients of concrete shall be thoroughly mixed to the desired consistency 
and the mixing shall continue until the cement is uniformly distributed and the mass 
is homogeneous and uniform in colour. 

39. Methods of measuring and proportioning the ingredients shall be such as 
are approved by the engincer or architect. 

до. When the conditions will permit, a machine mixer of a type which ensures 
the uniform distribution of the materials throughout the mass shall be used. 

41. When it is necessary to mix by hand, the mixing shall be on a watertight 
platform, and special precautions must be taken to turn the materials until they are 
homogeneous in appearance and colour. 

42. The materials must be mixed wet enough to produce a concrete of such 
consistency as will flow readily into the forms and about the reinforcement, and which, 
on the other hand, can be conveyed from the mixer to the forms without separation 
of the coarse aggregate from the mortar. 

43. Retempering mortar or concrete 
partially set—shall not be permitted. 

44. Concrete shall be rapidly and continuously handled from the time the water 
is added until it is finally placed in the work. The placing shall be facilitated by the 
use of suitable agitating and ramming tools, so as to produce a thoroughly ccmpact 
concrete of maximum density. 

45. Concrete exposed to premature drying shall be kept damp for a period of at 
least four days. 

46. Before concrete is placed, care shall be taken to see that the forms are sub- 
stantial and thoroughly wetted, and that the space is entirely free from debris. 

47. When work is resumed, concrete previously placed shall be roughened, 
thoroughly cleaned of foreign material and laitance, drenched and slushed with a 
mortar consisting of 1 part Portland cement, and not more than 2 parts fine aggregate. 

48. Where concrete must be placed under water, unusual care must be taken 
to prevent the cement from being washed away. 

49. Concrete shall not be mixed or deposited at a temperature lower than 28 
degrees Fahr. unless special precautions are taken to avoid the use of materials con- 
taining frost or covered with ice crystals, and to provide means to prevent the concrete 
from frcezing after being placed in position. 

50. The reinforcement shall be accurately located in the forms as required by the 
plans and carefully secured by wiring or other means against displacement before 
placing the concrete. 

51. Reinforced concrete work shall be stopped at points where joints will have 
the least possible effect on the strength of the structure. 

(a) Footings shall, where practicable, be cast to their full depth at one 


operation. 

(b) Columns shall be cast at a single operation and work shall be stopped 
at the underside of the lowest beams or girders bearing on the columns. Where 
a bracket is used, the bracket shall be considered a part of the beam or girder. 

(c) Construction joints in beams and girders shall be vertical and at the centre 
of the span. Апу concrete which may run past the bulkheads must be cleaned 
up before the concreting of the next section is started. 
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(d) Construction joints in slabs shall be at the centre ofthe span. Where a 
joint occurs between a slab and a beam or girder, no T-action in figuring the 
beam or girder shall be considered. 

52. No forms shall be removed without the written consent of the engineer or 


architect. 
53. Wherever floors are built with a combination of tile or other fillers between 


joints. the following rules regarding the dimensions and methods of calculation shall be 
observed. 

(a) The ratio of minimum depth to clear span of joist shall not be less than 
I to 24. 

(>) Wherever a portion of the slab above the tile joist shall be considered 
as acting as a T-bcam section, the slab portions must be cast monolithic with 
the joist, and must have a minimum thickness of 2 in. In such a case all regula- 
tions applving to T-beams shall applv to tile and joist construction. 

(c) In no case shall the tile or other fillers be considered as bearing stress. 

(d) Wherever porous tiles, or other materials which by their nature will 
absorb water from the concrete, аге used between the joists, care must be taken 
to thoroughly saturate thc tiles, or other materials, with water immediately before 
the concrete is placed. 


REINFORCED CONCRETE CONSTRUCTION. (CONCRETE) 


AN IMPROVED SYSTEM OF 


REINFORCED CONCRETE 
CONSTRUCTION. 


The following particulars of a new system of design claim attention for, although 
naturally ex parte as emanating from the proprietors, their practical experience and high 
standing in the industry give their arguments weight. —ED. 


THE '"KEEDON' SYSTEM. 
TEsTS have definitely established the value of a rigid attachment of shear members 
to the main bars in the reinforcement of concrete beams. The R.I.B.A. Joint Com- 
mittee on Reinforced Concrete urge that stirrups should be anchored at both their 
ends. In the“ Keedon " system of Messrs. 
Richard Johnson, Clapham & Morris, 
Ltd., this desideratum is effected as shown 
in Fig. 1—namely, by looping the stirrup 
round the bar and fixing it in position with 
a wedge. Theory also shows the economy 
of metal in the stirrups by inclining them 
at 45° to the horizontal, and this disposition 
can be easily secured, as shown by the 
“ Keedon " method, though if desired they 
can be placed in an upright position. 
Besides increased resistance there are other 
points wherein such a system increases 
efficiency. It is very important that all rein- 


forcements should be in their 
exact place, and to secure this 
close inspection before putting 
in the concrete is necessary, 
but the labour of inspection is 
reduced, and greater exactitude 
obtained, when the whole of 
the steel reinforcement can be 
assembled together without risk 
of displacement afterwards 1n 
the interval between inspection 
and execution. Moreover, if 


the secondarv members are 
rigidlv fixcd so that they can- Pu. 9. 
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not easily get displaced in the process of tamping and ramming the concrete, the 
efficiency of the structure is still further improved. It is also important that these 
secondary reinforcements should bind tightly so that they can immediately take 
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Fic. 3. View Showing ' Keedon" Reinforcement in Place. 
BUILDING IN COURSE OF CONSTRUCTION FOR THE MANCHESTER SHIP CANAL COMPANY 


stress under loading, and this is secured by such a rigid attachment. For these 
several reasons there are advantages in applying a similar method of attachment 
to the reinforcement of columns, struts, piles, etc., as shown in Fig. 2. The method 
of attachment also permits of the reinforcement for beams and columns, etc., being 
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assembled as units ready to be placed, as a whole, in the boxes, and so facilitates 
building operations. 

We may also point out that in placing bars one over the other in beams thev 
should be separated by a slight distance, so as to allow the concrete to get between 
and adequately protect the steel, and this is secured in this system by the wedges 


Keedon '' System. 


Reinforced entirely on 
EXTENSION TO DYE-HOUSE FOR MESSRS. COURTAULDS, BRAINTREE. 


and loops standing up sufficiently to allow a second bar to rest the right distance 
above. 

The “ Kecdon " connection is quickly made, the stirrups or binders and keys 
being made interchangeable. It is obvious that the secondary reinforcements 
can be spaced any distance apart and made of any length, as required to resist the 
imposed stresses, and therefore more latitude is given than with any arbitrary system. 
Ihe “ Keedon ” stirrups are not likely to slide along the main bars in beams, because 
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the more they are stressed the harder do they bind by reason of the loop and 
key connection. 

The makers point out that the main reinforcements are formed of ordinary 
merchantable steel bars, and that the “ Keedon " links and keys can be purchased 
bv anyone in the trade 
with or without the 
main bars, and that the 
"REGO ” reinforce- 
ment is sold at a fixed 
price, no charge being 
made for drawings, fees, 
etc. 

The links are made 
of drawn  stecl wire, 


" which is, of course, 
2 stronger than ordinary 
2 rolled steel. The ‘ Kee- 
| = don” reinforcements lend 
| 5 « themselves to close pack- 
3 vow е T 
1 > 5 ing and easy handling 
+ = . . 
1 4, = since they are made in 
и © Z : TN 
a ts separate units. 
o A +: 
AME Fig. 3 shows the 
= = system in application in 
- mA O & : à Е 
Uc < O practical work, the illus- 
al $7 tration showing the rein- 
1 т“ ч» {2 
ы < б forcement of a heavy 
M ^w Y d x ; 4 d 
б, 2 main beam with stirrups 
| = al in place ready for 
* filing in the concrete. 
2 TESTS ON CONCRETE 


BEAMS. 
IN order to demonstrate 
the advantages of having 
fixed inclined ''Keedon " 
stirrups, tests were 
carried out by the Man- 
chester School of Tech. 
nologv, and we give a 


copy of their report here- 
with. The beams were 
designed according to the R.I.B.A. formule, and were estimated to carry an ultimate 
load of 40 tons distributed over the span. The stirrups were calculated to carry the 
maximum shear, and spaced accordingly, both beams being spaced alike. 


MANCHESTER TECHNICAL SCHOOL. 
Report of Cros;-breaking Tests of Two Reinforced Concrete Beams. 
Built for Messrs. R. Johnson, Clapham & Morris. 


Both beams were built on April 7th, 1911. They had the same outside dimensions, 
the concrete was similar, and they had the same longitudinal reinforcements. The 
difference between the two beams lay in the arrangement of the shear reinforce- 
ment. In the first beam tested the shear reinforcement consisted of the usual 
U-stirrups, placed vertically, and not attached in any way to the main bars. 
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The second beam was provided with sloping stirrups, looped round the bars 
and keyed to them. The spacing of the stirrups was the same in both cases. 
The main dimensions of the beams were as follows : 


Width of slab forming top flange dis Без 7 Sus у ЗЇ 


Thickness of slab forming top flange ... or - js e. 4 dn. 
Depth of web below slab ns дуз Ж ied bed $e DA us 
Width of web  ... ИТ, za А à -— .. i 2 


There were four reinforcing bars near the lower surface of the web, each § in. 
diameter. 


suos Éievarrom 


Ne Larrcee 


Асуло» Treo: Canrae 
LE AFAR 


DETAILS oF TEST Beaw 15 rr. SPAN REINFORCED W.TH " KEEDCN '' BARS. 


Each beam was tested on a span of 15 ft., the load being applied through two 
points on the top of the beam, cach 3} ft. from the centre of the span. The following 
were the applied loads and the corresponding deflections of the centre point from 
the horizontal : 

Bram No. I. Test NO. 3,035. 
Tested June 2oth, r911. 


Loads. Deflection (corrected for zero). 
Tons. In. 
5 eee one DE о'09 
IO ove eee eae O'I ) Ыы) 
is ur 6 Faint shear cracks began to show neor the supports. 
В eee eae eee / 
20 M T e. 0:36 
25 oed s wes Ot | R | wae oe 
у ps ^ D onmi Shear crack- developed rapidly. 
3272 € ues . Maximum load carried. 


The beam failed bv the above shear cracks extending and causing the beam 
to brcak through about 2 ft. from one support. 


BEAM No. 2. Trst No. 3,043. 
Tested June 27th, rorr. 


Loads. Deflection (corrected for zer»). 
Tons. In. 
5 iss € ef. 00000 
I) T vas а. IS 
IS — sis sce 0:27 
20 ке xus e. 036 Faint cracks began to show near the supports. 
25 — pe ... 048) Vertical cracks began to develop in the centre portion en 
30 T - e. обуу the tension side. The cracks near support did not extend. 
35 ЭРЕР us e. 064 
37:8 xs in . Maximum load carried. 
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(Beam Хо. 1 was reinforced with U-shaped vertical stirrups of same spacin ; as in Beam No. 2) 


Beam No. 1 before Loading. 


{ШЇЇ 


(Failure due to shear weakness at one end. 


No cracks whatever were seen in centre. 
Beam No. 1 at Toirt of Failure. 
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(Beam No, 2 was reinforced with ` Keedon " stirrups inclined at an angle of 45° and spaced 
similar to stirrups in Beam No. 1.) 


Beam No. 2 before Loading. 


) 


` , 9 P ° 
U «ите dite fo tension: au { Conthpresstoniti sÍresscs. no Stgits Of Shear weaRrn ess being observed. 


Beam No. 2 at Point of Failure. 


TEA REINFORCED CONCRETE CONSTRUCTION. 
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Failure took place bv the further development of the cracks on the tension side 
of the web. It is probable that the main reinforcement was strained bevond its 
vield point. In this beam the faint cracks first detected in the neighbourhood of the 
supports did not develop further before the maximum was reached. 

(Signed) W. C. PoPPLEWELL, A.M.Inst.C.E. 
J. T. NICOLSON, M.Inst.C.E. 


Ke EDON Bar Tests 


Curves or Revation Between Loans a. Deriecrion 
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DEFLECTION INCHES 


Curves showing Deflection and Loads. 
Trsis ох BEAMS. 


STEEL. 
Tests werealsocarried out by the Manchester School of Technology on the steel used 
for bars and on the wire used for both formsof stirrups, and their report was as follows: 


REPORT ON TENSILE Trst oF Six SAMPLES OF STEEL 


П 


Cross- Yield | Elonga- , Reduc- 

Test , Mark. Dia- | section | Point. | Maxi- tion | tion in | Remarks. 
No. meter. in |o Ton, mum. оп 21п ' Area, 

sq. in. sq. in. per cent. 
3,048 | 7 (97864 0:250 19:50 28:20 3975 63:0 First consignment. 
3,049 | 5 0:564 0:230 22:20 25:00 3635 | 028 First consignment. 
3,050 | 3 0:504 0'250 21:60 28°10 36°5 62:2 Second con:izninent. 
3,051 | 4 ^ 0:504 0:230 20°32 28:60 3675 OLO Second consignment. 
3,058 0'249 0'049 39:80 45:70 11°5 62:6 From long stirrup ( Kee- 

| | don) 
3,059 | 0247 0:048 37:50 41°04 125 O20 From short. stirrup 
| (ordinary) 


л лл ES a I I лл C NM EY‏ تت پڪ ڪڪ 
Test carried out by Messrs. W. C. Popplewell, A.M.Inst.C.E., and J. T. Nicclson, M.Inst.C.E.‏ 
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From these results it will be seen that the average result of stcel bars= 28:2 tons 
per sq. in., and for the wire used in stirrups— 43:37 tons per sq. in. 


Concrete. 

The concrete consisted of 3 parts granite chippings (1-in. mesh), 2 parts sand, 
and 1 part cement. Four 6-in. cubes were moulded from the same mixing, and 
at the same time as the beams were tested to obtain the actual crushing strength of 
the concrete in the beams. 


REPORT ON CRUSHING TEST OF FOUR SAMPLES OF CONCRETE (6-1N. CUBES). 


Test No Mark. | Load at First Crack. | Load at Crushing. 
Tons. Tons. 
3,044 I | 22:5 22:5 
3,045 2 | 20:5 313 
3,040 3 24°4 244 
3,047 4 30°2 32'9 


Test carried out by Messrs. W. C. Popplewell, A.M.Inst.C.E., and J. T. Nicolson, M.Inst.C.E. 


The average crushing strength from these results — 1,740 lb. per sq. in. 

. The first beam, reinforced with loose vertical U-shaped stirrups, failed at 32:2 tons, 
whereas the second beam, of similar dimensions throughout, carried a load of 37:8 tons. 
To these figures must be added the weight of the beam itself, which equalled 1:45 tons, 
bringing the respective total load up to: 


First beam (vertical U-stirrups), 33:65 tons ; 
Second beam (Keedon stirrups), 39:25 tons. 


This represents an increase of 5:6 tons, or 16:8 per cent., without any increase in 
dimensions and cost. 
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CRORES | REINFORCED CONCRETE LABORATORY. 


DOVE MARINE LABORATORY, 
CULLERCOATS. 


The following particulars of the reinforced concrete work a! the Dove Marine Laboratory, 
Cullercoats, should be of interest to our readers, as showing the suitatility of these materials 
for laboratory work, where cleanliness is of the utmost importance. — ED. 


THE present laboratory was built to replace a one-storey wooden erection which 
had been utilised by the Armstrong College for the study of Marine Zoology, 
and which was burnt down in 1904. The new laboratory is a permanent structure 
worthy of the important branch of the scientific work for which it is utilised. 

The site on which the building was to be erected was bounded on two sides 
by a quay wall, but owing to the extremely dilapidated condition of its wooden 
piles it was necessary to erect an entirely new one in its place. For this purpose 
a carefully designed structure of reinforced concrete, on reinforced concrete piles, 
was determined on. The section of this wall is in the form of the letter “ L,” 


View of Completed Building and Reinforced Concrete Quay Wall. 
CHE Dove MARINE LABORATORY, CULLERCOATS. 


the upright portion forming the “ curtain,” whilst the horizontal portion is the 
“slab,” which, when opposite the highest portion of the wall, is about 9 ft. wide. 
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Plans of Ground and First Floors. 
THe Dove MARINE LABORATORY, CULLERCOATS. 
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The horizontal slab, which is continuous throughout the whole length of wall, is 
connected to the curtain or upright portion by buttresses, filling in the space 
from the extremity 
a of the horizontal 
fe slab to the top of 
the curtain wall, at 
distances of 9 ft. or 
IO ft. apart; the 
curtain portion of 
wall resting on the 
heads of the rein- 
forced concrete 
piles. 
The aquarium 


E 

а 155036. by 23 1L. 

2 and ranged outside 
a 5 of this are eleven 
AR 5 fish tanks of varying 
К F: sizes, projecting be- 
F Е уопа {һе main walls 
E : of the building so 

2, as to secure direct 


vertical light ard 
to obviate shadows, 
In the centre of the 
aquarium is a spaci- 
ous floor tank. 

The private 
aquarium is 32 ft. 
6 in. by 30 ft., and 
has three double 
rows of  aquaria, 
divided into 38 
. tanks, for the stor- 
ing of materials, 
experiments, etc. 
Along the east and 
south walls is a 
concrete table or 
bench for experi- 
ments. 

On the south- 
west corner of the 
roof is a concrete 
tank to hold 2,000 
gals. of salt water, for the use of the laboratory on first floor. Against the 


THE Dove MARINE LABORATORY, CULLERCOATS. 


Section of Retaining Wall. 
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west wall of the building there is another concrete tank, holding 15,000 gals. of 


salt water. 


Reinforced Concrete Fish-tanks and Pool. 
THE Dove MARINE LABORATORY, CULLERCOATS 


D 


The public aquarium rests on a slab of concrete heavily reinforced, 
and all storage tanks, fish tanks, and the entire foundations of the building, 
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together with the quay wall as before mentioned, were carried out in rein- 
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LABORATORY, CULLERCOATS. 


Private Aquarium, built of Reinforced Concrete on Brick Piers. 
THE Dove MARINE 


forced concrete on the Hennebique system by Mr. David Purdie, contractor, 
of Newcastle-on-Tyne. The foundations of the cast-iron columns are in cement 
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CONCRETE 


concrete carried down to the solid rock. The architect for the work was 
Mr. J. J. Lish, of Newcastle-on-Tyne. 

The building is heated throughout with hot water and on the second floor 
are retiring rooms with very complete lavatory arrangements. 
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Reinforced Concrete Salt Water Tank. 
THE Dove MARINE LABORATORY, CULLERCOATS. 


In a very interesting book on “ The Dove Marine Laboratory," the architect, 
Mr. J. J. Lish, gives an account of the structural details of the building, and also 
appends a short treatise on Reinforced Concrete and Portland Cement. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure.—ED. 


THE ROYAL SANITARY INSTITUTE. 


THE INFLUENCE OF BUILDING REGULATIONS 
ON ARCHITECTURE. 


Paper Ьу H. D. SEARLES-WOOD, F.R.I.B.A., F.S I. 


At the recent Congress of the Royal Sanitary Institute in Belfast, among the many interesting papers 
presented was one by Mr. Н. D. Searles-Wood, F.R.I.B.A., on © The Influence of Building Regulations 
on Architecture,’ an extract of which ts given below. 

IN modern building regulations three things are considered— 1st, the prevention of 
the spread of fire; 2nd, the construction of the building to guard the safety of the 
public ; and, 3rd, public health. 


Fire Prevention.—|t is the regulations that deal with the prevention of the 
spread of fire that have had the greatest influence on the architecture of the period. 

The regulations passed after the Great Fire of London set the fashion for brick 
and stone-fronted buildings which altered the appearance of all the towns in the 
kingdom, and in more recent times the Metropolitan Building Act, which was the 
first set of building regulations that seriously dealt with the problem of the prevention 
of the spread of fire, made marked changes in the architecture of the nineteenth 
century. The 4}-in. reveal to all windows and doors, and the restrictions as to 
baize boards and wooden cornices and the parapets to the party walls, are the marks 
of this set of regulations. 

The rules laid down in the Metropolitan Building Act of 1854 for dealing with the 
rights of the building and adjoining owner of a party wall have worked so well that 
it is surprising no other city or town has adopted the same system. The system is, 
briefly, as follows : 

Party Walls.—When a building that has party walls is about to be rebuilt the 
building owner serves on the adjoining owner’s party wall notices which describe 
the work that is to be done to the party walls, and in this notice the building owner 
appoints a surveyor to represent him. If the adjoining owner does not agree within 
fourteen days of the service of the notice, a difference is said to have arisen, and the 
adjoining owner appoints a surveyor to represent his interest, and these two surveyors 
meet and appoint a third surveyor. 

The first two surveyors then examine the party structure and draw up an award 
in which is set out the work that has to be done, and when this award is signed by 
the two surveyors it is published. and the matter is settled. Should the two surveyors 
not be able to agree on an award the third surveyor is called in, and within seven days 
he has to appoint a day for a hearing, and the three surveyors meet, and апу two 
of them can agree on an award, which when signed by the two is published and 
becomes a binding document, only to be upset on appeal before a magistrate. The 
position of the third surveyor is not quite that of an arbitrator, he is only equa! in 
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rank to the other two survevors, but it has been found to work well, and many awards 
are made by means of the third surveyor which could not be made between the two 
surveyors in the first instance. The third surveyor, being quite impartial, can 
complete the award which one of the interested surveyors would not care to sign. 
This method of dealing with a difficult situation is really a good help to architecture, 
and some such system should be part of the statute law. At present the law on the 
subject is that the party structure is common to the two parties, the building and the 
adjoining owner's, and it cannot be touched without the assent of both parties, and 
there is no means of compelling this consent. It is in this respect that the London 
practice has such great advantages. 

There is a tendency nowadavs to complain that the model bv-laws are too severe, 
and that they prevent the building of cheap cottages and clementary schools. At 
the first exhibition of cheap cottages at Letchworth, the cottage that won the first 
prize was in accordance with the model by-laws in every particular. In going round 
the numerous Garden City developments, the only two things in the by-laws oe 

appeared to increase the cost were the height of the bedroom stories, where g ft. 
insisted on, and the height of the studded walls, which is also regulated by this by D 
In places where the story is 8 ft. the available arca 15 also increased, and there does 
not appear to be any serious sanitary point in requiring 9-ft. stor.es. 

The Building Acts and model by-laws are all based on brick construction ; the 
introduction of skeleton steel construction and reinforced concrete necessitates some 
changes in these Acts and by-laws. 

Reinforced Concrete Construction.—Thc Roval Institute of British Architects 
have iust issued a second edition of the Regulations for Reinforced Concrete Con- 
struction, which are the standard for such method of building in the British Empire. 
This revised edition will be the basis of the Regulations about to be issued bv the 
London Countv Council, and will be dealt with very much on the lines of their 
Regulations for Skeleton Steel Construction, which are in their Act of 1909. The 
principle is that the calculations on which the steel construction has been designed 
arc submitted, with the drawings, to the district surveyor, who checks the calculations 
before the plans are approved. These calculations can be made in апу form that is 
recognised by the profession ; but a good method of tabulating the calculations has 
been drawn up by the District Surveyors’ Association and approved by the Roval 
Institute of British Architects, and it is a great saving of time and labour if the 
information is given bv the architect to the district surveyor in this form. 

The Regulations for Reinforced Concrete give the tests to be applied in selecting 
the materials, and the methods of calculating the various parts of the building, the 
method of mixing the materials, and the precautions that have to be taken in preparing 
the centering and carrving out the work. 

Some people are of the opinion that the time has come when there should be a 
general Building Act for the whole country ; let us hope if this comes to pass that it 
may be so drawn as not to stereotype existing methods of construction, but stimulate 
new and better methods than at present. It might be a good thing to encourage 
architects to work out the strains and stresses in their structures by making a law 
that the methods of calculating the designs should be submitted to the District 
Survevor, and if found correct the construction should be allowed, and thus do awav 
with all those cast-iron schedules and rules that so often hamper an original design. 

It mav be said that these are matters which do not directly influence arc hitecture, 
but with the introduction of new materials and methods of construction, new means 
of expression must be found. It is true that over 4,000 vcars ago men were using 
the same materials as are now commonlv in usc, but during that time what varied 
expression has been given to the use of these materials! Each succeeding race has 
written its history in monumental works that are our most cherished possessions, 
and we in our time must strive to leave behind us some monuments worthy of the 
age in which we live. 

DISCUSSION. 

Mr. Brodie (Borough Eugineer, Blackpoot) said he would welcome anything which would. simplify 
the laborious duty of specifving by-laws, for it often happened that in the most carefully drawn-up 
building by-law points which arose were not covered. It would be a great mistake for anv new Building 
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Act to come up for the whole of Great Britain and Ireland which laid down minutely what ought to 
be done. All thev could attempt was general principles covering the safetv of a structure, and also 
the health of the people who had to occupy the building, whether it be a dwelling-house, or a large 
meeting place, or a warehouse. 

Mr. B. T. Hall thought if thev were going to lay down cast-iron rules thev would prevent experi- 
ments in new forms of building, and bv stereotyping rules and regulations they would render it verv 
difhcult for the architect who had got some new method of expressing himself to give effect to that. 
The gravest objection he had ever heard to the present system was that if they left it to the discretion 
of those who were carrving out the Act they were leaving it to an unknown quantity. The great 
majority of the men who had the final carrying out of the Act were men of great common sense and 
great experience, but it was within the knowledge of everybody that occasionally they came across 
men who had not the training and who were not gifted with common sense, and these men were 
obstructive and troublesome. It was because of such men that many persons had sought refuge in 
having strict regulations laid down. He felt with the author that it would be a great blessing if thev 
could get rid of the costlv litigation and obstruction and confusion which arose from light and air cases. 

Mr. Cutler (City Surveyor, Belfast) said that he recognised the advent of reinforced-concrete 
building was enormously increasing the surveyor's labour. It was not possible for the ordinary staff 
emploved in the inspection and supervision of buildings to have the necessary knowledge to make 
the calculations which must be gone through to see that any design was safe. He knew that such 
buildings had come to stay, and if there were many buildings of reinforced concrete put up in Belfast 
he would have to have an addition to his staff to deal with thc scientific problems which arose. With 
regard to the building by-laws in general, he considered the more cast-iron they were the better, and 
he did not believe there were manv bv-laws for ordinarv buildings which interfered with architectural 
practice. They must not forget that the bulk of the buildings in any town or city were not put up for 
architectural beauty, although he admitted they might well be. Building by-laws were absolutely 
necessary for the control of those who were not accustomed to architectura! problems. He could 
quite understand the architect's point of view, but when they had to deal with the jerry builder, and 
with the many men who did uot even employ a builder, but put up buildings under their own super- 
vision, then the more cast-iron the rules were the better. In Belfast, although they had no by-laws 
for regulating steel and reinforced-concrete buildings, yet they had used such discretion as was necessary 
in dealing with these structures. They had not enforced the by-laws with regard to the thickness 
of walls, and thev had given facilities to those who wished to use such materials, and the Committee 
had met every case in a reasonable wav. 

Mr. Lacey (Oswestry) said there was nothing in the building by-laws which had any bad effect 
on architectural features. He did not think the bv-laws for brick and stone buildings were too severe, 
for thev only took the minimum so far as the safety of the building was concerned. Certainly thev 
were below what the minimum ought to be with regard to air space and sundry other matters which 
would affect the health of those who had to live in the buildings. At the same time he agreed that 
statutory powers should be given to local authorities, which they had not at present, to allow for stecl 
construction and reinforced-concrete buildings. 

Mr. W. H. Wyhatt (Grimsby) remarked that, whatever thev put in by-laws, there were some 
builders who would trv to get below them, and he quite agreed with the views of Mr. Cutler. London 
differed from the provinces in building, especially with regard to the quality of the bricks used, and the 
code as to the thickness of brick walls was probablv correct for London. The model by-laws were, 
however, too severe for the provinces, and thev felt that they could build a 9-in. brick wall 8 ft. or 
9 ft. higher than could be safely done in London. In London most of the houses were three or four 
stories, and it was necessary to carry the party wall through the roof as a protection from fire. In 
the provinces the houses were two or three stories. and it was quite unnecessary that there should be 
the great cost of carrving the party wall through the roof. Personally, he felt it was a great mistake 
to give the officials any discretion at all with regard to the enforcement of by-laws. A builder would 
come and plead a special case, and the survevor might feel inclined to give way on a point, but they 
knew perfectly well the builder would tell somebody else, and then others would come and want a 
relaxation of some other rule. Therefore, he felt that the by-laws should be as definite as possible. 

Sir Henry Tanner said that he was practically free in all his building construction from by-laws, 
but he would rather go for latitude as far as possible in all by-laws, and ailow plenty of elasticity. 
As to reinforced concrete, he did not think they could make any rules which would cover everything, 
and thus, as far as possible, that should be left an open matter. Thev did not scem to have mistakes 
in construction, for the buildings stood right enough. On the whole he preferred that each case should 
be dealt with as it arose. Even if thev took the rules which the author had handed round, thev only 
applied to particular points as to corridors and columns, and so on, but no mention was made of апу 
sort of connection between the several things, and vet it was one of the most essential things in reinforced 
Concrete construction. 
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Mr. P. C. Cowan (Irish Local Government Board) said on his shoulders lav the duty of revising 
the general building by-laws of Ireland, which followed the English code very closely. Mr. Searles- 
Wood did not tell them what grievance the architect had. or what effect the by-laws had on architecture. 
He ventured to submit that the building by-laws of Ireland could have no prejudicial effect on anv 
reputable architect's practice, and he was absolutely certain from experience that anv relaxation with 
regard to common ordinary buildings would be a great and gross mistake. He agreed that it was not 
possible to put into short, crisp by-laws regulations for reinforced-concrete buildings, and that the 
submission of the full plans with full calculations for revision and approval by the local authoritv was 
the proper line to take. Except in one or two large towns, there was no power for a focal authority in 
Ireland to waive its by-laws. 

Mr. Searles- Wood said he would not attempt to answer the points raised, but he had been suc- 
cessful in disguising his own feelings in regard to by-laws. As an old district survevor for twentv-cizht 
vears he was quite in favour of by-laws, and he had never found any difficulty in meeting with the 
reasonable requirements of bv-laws. 


AMERICAN SOCIETY FOR TESTING MATERIALS. 


PRACTICAL TESTS OF SAND AND GRAVEL 
PROPOSED FOR USE IN CONCRETE. 


Paper by Mr. RUSSELL S. GREENMAN. 


The Fourteenth Annual Meeting of the American Society for Testing Materials was held af Atlantic 
City, N.J., in June last, when a number of interesting papers were presented. Below we give an ertract 
from that read by Mr. Russell S. Greenman. 


THE selection of those elements which, with proper and intelligent workmanship. 
shall produce good concrete is certainly important, but how to secure and sclect 
the best materials is often a problem. Apparently good sands or gravels have been 
selected, but not alwavs have lasting results been secured. The method of securing 
for the consumer a good and safe cement has been provided. The question of securing 
good aggregates has been provided for in many individual cases, but a campaign of 
education as to the need of careful selection of the aggregates and of instruction as 
how to select them 15 still generally needed. If it is true that the bulk of the cement 
now produced is used by the small consumer, then this applies especially to the smaller 

maker of concrete, and not so much to those in charge of large public works. 

The selection of the materials for the concrete should be made onlv after careful 
examinations and tests, cither in the laboratory or on the site of the work, or perhaps 
both. To aid this selection certain tests have been suggested and made. It will 
be found, however, that there are no standard tests or methods which can be usedl 
as a basis for comparable results. 

We have before us, then, the question of tests and methods. These тау be 
resolved into two classes—laboratory tests and practical field tests. The laboratory 
tests should be such that practical results and conclusions can be secured. The 
field tests should be made supplementary to the laboratory tests and confirmatory 
to them, and not as substitutes. 

The selection of the coarse aggregates—crushed stone or gravel—is the more 
easily made, but sands and other fine aggregates do not so easily divide into good 
and poor materials. When reference is made to sands it will include, of course, all 
materials for the fine aggregate, such as natural sands, screenings, iron ore tailings, 
ete. Gravels generally сап be considered as sands, and facts concerning the one 
usually apply to the other. 

Sampling.—|t is, of course, generally conceded that any testing of the con- 
stituent materials is all wasted energy unless the samples submitted are thoroughly 
representative. It is certainly no easy proposition to take, for instance, a sample 
of sand directly from the sand bank or pit ; but if the tests are to be of real value 
provision must first be made for securing the representative sample. Sampling at 
the pit means that either the pit must be uniform or that extraordinary judgment 
must be used in selecting a sample tvpical of the sand, or gravel, generally in that 
pit. Undoubtedly the best sample from any pit is that taken from a blend made of 
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samples taken at various places in the pit ; but in some cases, even with the most 
conscientious sampling, the pit sample mav not be thoroughly representative of 
the sand as it is delivered upon the work. Therefore, whenever possible, the sample 
should be drawn from the sand hopper or taken from the sand pile after delivery 
upon the work. This sample, if accepted, should be kept as the standard, and future 
samples, whether taken at the pit or after delivery, should be expected to equal in 
qualities the accepted standard. 


Laboratory Tests.—lliaving secured the sample, what are the most practical 
laboratory tests? The test for strength of the mortar made with the sand and a 
“standard cement " is always a desirable test, but will not the tests for percentages 
of silt and of voids, and for size and grading of the sand grains, give results that form 
equally as good a basis for the acceptance or rejection of the sand ? 

In order to consider the tests more fully without entcring into a detailed con- 
sideration of the methods used in determining each result, I have adopted, for the 
present, as our standard the apparatus and the methods used bv the Structural 
Materials Laboratorv of the National Department of the Interior. Now, having 
selected a definite plan of testing in order to ascertain if these results have a practical 

value in determining the relative values of the different sands, we shall use the results 
secured in the laboratory of the Department of the State Engineer and Survevor of 
State of New York. Selecting practically at random, and yet typical sands, thirtv- 
four sands from over two hundred tested during the past two vears, the following 
interesting results are noted : 
Tast No. I. 


35-40 11 378 


Tensile Strenxth Per Cent. 
No, Natural Washed Class 
Sands | ———— — - —— - - Voids ! Loam 
| 7 Day | 28 Day. 7 Dav | os Dav | 
10 | 217 305 201 301 30 | 41 A 
13 | 167 271 155 4 334 33 B 
11 | 121 208 123 | 212 36 6 | 22 C 
Tanrr No. II. 
Granulometric Test 
N Per Cent. passing Sieves Nos. 
No. 
Sunds | Class NH И a ek a 
| 3. БЕ = г 10 20 ' 30 | 40 60 74 ` 100 | 140 200 
10 | А 100 99 , 9% s9 ' 69 47 2) 14 8 38 Е 
13 i B 109 99 | 9% 96 87 72 56 . jl 17 Sk | 20 ! 16 
11 С ‚ 102 10) 99 94 | 95 ;9 09 38 29 7`5 36 1'6 
TaArrg No. IHl.—Errr£cT or Voips. 
| | | 
| Tensile Strength " i , 
Per cent. of Voids No. Average | T __ , Per cent, passing 
between | Sands. per cent. | NO. 109 Sieve, 
| | 7 Days. 2s Days ! 
] 
25-30 5 | 2; % | 192 310 we 
30-35 17 330 | 104 26 CI 
| 140 zal 67 


* Results taken only of washed sample so that effect of loam would be n.l. 


TANLE No. IV.~ EFFECT or Loan. 
کک > م ا ا‎ MIU а QM: OE MICI ER e л УНА 


Tensile Strength. 


x Averase 
Per cent. i No, G Е 
e Sands bd pec cent. Natural. Washed. 
i Loam. 
7 Days. 28 Days. 7 Days. 25 Days. 
0-2'0 7 10 128 254 148 261 
25-35 6 3'0 151 273 178 271 
5'0-6'0 5 56 232 324 205 310 


Sands selected which had approximately the same percentage of voids. 
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A study of these results will show that a sand can be judged by its percentage 
of voids or of loam and by size and grading of its sand grains. Аз а gencral rule, it 
would be unpractical to make long time tests for tensile strength, so these tables give 
only the 7 and 28 day tests. І.опосг tests are, of course, desirable, but as we arc 
now only considering practical tests we will endeavour to draw some conclusions 
from the tests at hand. We find that in Table I. the highest tensile strength is with 
the lowest percentage of voids and the highest percentage of loam, and that the 
natural samples containing more than 3 per cent. of loam are stronger than the washed 
sand. From Table II. we note that the smaller percentages of voids are secured by 
the sands having the best grading of the sand grains, and that the sands with the 
largest percentages of fine grains are the poorcr. Table III. emphasises the fact 
that sands are the stronger when the percentage of voids is smaller, and that the 
less percentage of very fine grains the better the strength. Table IV. shows that 
loam to a certain amount 15 rather an aid to strength. This statement must not, 
however, Бе construed to mean that it would be advisable to permit certain large 
percentages of loam. 

From this brief statement of the results secured and conclusions drawn it can 
be seen that each test is a very important aid in determining the quality of the sand 
under inspection. There are, of course, other laboratory tests which are of great 
importance in the selection of a sand. Among them is notably the careful examina- 
tion of the character of the sand grains. 

With a better knowledge of the best mcthods of conducting tests, and with a 
higher appreciation of the value of these tests among the general concrete contractors, 
and frequently among engineers themselves, then laboratory tests can be utilised 
to their full value. Scoffers of laboratory tests have only to examine results of the 
tests with concrete in which the sand has бесп used to see that the tests do forecast 
what does take place in the concrete. 


Field Tests.—While it may be most practical and best to have the sands first 
tested in the laboratory, the greatest ultimate good to concrete in general would be 
to convince the contractor, and often the engineer, that simple field tests will also 
be of material benefit to the work. For example, frequent tests for density and 
for proportioning would have a most beneficial resultant. The contractor would not 
necessarily have to use more cement, but, on the other hand, he might be able by 
proportioning to produce a more dense concrete simply by addition of more either 
fine or coarse aggregates. 

Such simple tests as the tests for percentage of loam by use of a graduated 
cvlinder, or for the percentage of voids by means of the percolator, should be frequently 
made. Neither of these, for example, requires claborate apparatus, and can be 
made in any field office, and vet how seldom in general work is any effort made to 
learn how much loam or how many voids a sand contains. 

Cubes and cvlinders made from the concrete as it is mixed make possibly one 
of the most satisfactory methods of securing good concrete. It is, of course, true 
that. to complete these tests, the best specimen must be tested in a laboratorv. The 
results obtained would, however, result in one soon learning whether or not the 
concrete is as good as could be secured. It may be claimed that this is not a practical 
ficld test. It may not be for small work, but on large works it should be more generally 
used. 

In conclusion, it should be again stated that the object of this brief paper is 
but to call attention of " concrete " men to the practicability of testing the sands 
and gravels proposed for use in concrete, and to the tests and the methods generally 
followed. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all pom of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


REINFORCED CONCRETE BRIDGE OVER THE STOUR AT LONG MELFORD. 


THE old timber bridge over the River Stour, forming one of the chief means of 
communication between the counties of Essex and Suffolk, has recently been replaced 
by a substantial reinforced concrete structure, an illustration of which appears on 
this page. 

The reinforced concrete structure, which has taken about seven months to erect, 
owing to the delays occasioned by the floods during the winter of 1910-11, is built 
on Hennebique principles, the distance between the abutments being тоо ft., and 
the width between the parapets 25 ft., a footpath 5 ft. wide being formed on one side 
of the bridge only. 

The main beams are arched, and are supported by twelve reinforced concrete 
piles, 18 in. square, spaced three abreast in three rows. The decking is 5} in. thick 
under the roadway, and 4 in. thick under the footpath, whilst the ornamental parapet, 


View during Test. 


REINFORCED CONCRETE BRIDGE OVER THE STOUR AT LONG MELFORD. 


which is also in reinforced concrete, is 44 in. thick and 3 ft. 6 in. high. The abutment 
walls and wing walls under the approaches to the bridge are in ordinary concrete. 

The testing of the bridge was carried out by means of traction engines—first one, 
then two abreast, and finally three engines passing over the bridge together, making 
a total load of 35 tons. The results were exceedingly satisfactory, the maximum 
deflection being yẹ in. On the loads being set all the instruments returned to zero, 
no permanent set showing in the reinforced concrete work at all, the maximum deflec- 
tion recorded being equivalent to ; „1; of the span, as against ; 2; of the span allowed 
by the contract. Аз this bridge is a new form of construction for the district, the 
official testing was the occasion of a large assemblage of the two county councils 
concerned, including the chairmen of the respective Highwavs and Bridges Com- 
mittees, Mr. P. J. Sheldon, Survevor to the Essex County Council, and Mr. A. А. Hunt, 
Survevor to the West Sussex County Council. 

The reinforced concrete details for the work were prepared bv Messrs. L. G. 
Mouchel & Partners, of Westminster, the whole of the work being carried out by 
Messrs. Holloway Bros. (London), Itd., Contractors, of Lambeth, S.E. 
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REINFORCED CONCRETE WORK AT THE IMPERIAL PAPER MILLS, 
GRAVESEND. 


THE Imperial Paper Mills, at Gravesend, have been erected and equipped in fifteen 
months, and will have an output of about 2,000 tons of paper per week. The mills 
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View showing Underside of Floor Carrying Tanks. 
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REINFORCED CONCRETE WORK AT THE IMPERIAL PAPER MILLS, GRAVESEND, 


are one of the finest structures of the kind in existence, and cost about a quarter of a 
million. 
Our illustration on page 709 shows the reinforced concrete tanks in connection 
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with the mills. 


REINFORCED CONCRETE WORK. 


GRAVESEND. 
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IMPERIAL 
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View of Reinforced Concrete Tanks. 
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These tanks have a capacity of approximately 260,045 gals., the 


argest being 157 ft. 6 in. by 42 ft. 6 in. 
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Made of °“ Winget "’ 
Wire MILLS, LOCHRIN IRoNWORKS, COATBRIDGE. 


(CONCRETE 


The floors of the 
mills are of reinforced 
concrete supported 
by reinforced concrete 
columns. They sup- 
port nine pulp-beating 
machines, and have 
been designed for a 
moving load of 5 cwt. 
per zu, Jt, with a 
factor of safcty of 4. 

All the reinforced 
concrete work is on 
the Hennebique svs- 
tem. The general con- 
tractors for the work 
were Messrs: W: у, 
Fryer & Co., of Bra- 
vington Works, Pad- 
dington, W. 


WIRE MILLS, 
LOCHRIN IRON- 


WORKS, COAT- 
BRIDGE. 


Messrs. WM. BAIN 
& Co.’s new wire 
mills, at Lochrin Iron- 
Works, Coatbridge. 
were  crected with 
~ Winget” concrete 
blocks. 

The building 15 
боо ft. long, 82 ft. 
wide, and the walls 
of 41 in. blocks—car- 
ried to a height of 
16 ft. and 20 ft.—are 
reinforced at intervals 
in the horizontal joints 
with ribbon steel. 

The roofs are car- 
ricd on stecl columns. 
which on an average 
are 12 ft. apart, and 
are built round with 
special shaped con- 
crete blocks (also made 
on the '* Winget ” ma- 
chine), so that the 
outside wall shows a 
continuous front of 
concrete blocks. 


REINFORCED CON- 


AND IMPERIAL 
EXHIBITION. 


Reinforced Concrete 
Staircases. 


IN the frontispiece to 
our July issue we 


ае REINFORCED CONCRETE WORK. 


showed an illustration of one of the reinforced concrete staircases erected at 
the Festival of Empire. The two staircases, which are similar, are L-shaped, 


REINFORCED CONCRETE GALLERY AT THE FESTIVAL OF EMPIRE. 


NEW WORKS IN CONCRETE. ONCDE TE) 


and lead down from the main floor level to the terrace below, a height of about 
34 ft. 7 in., the upper limbs being 24 ft. 6} in. wide over balustrading, and about 
75 ft. 8 in. long ; the bottom limbs being 21 ft. 44 in. wide and 77 ft. 4 in. long. 

The steps are 14 in. by 6 in., with grooved treads, the whole of the upper surface of 
steps and landings being finished with 1-їп. of granolithic, special care being taken to 
sce that this was put on as soon as possible after the main bodv of concrete had been 
deposited. 

The design, which allowed for a moving load of 1} cwt. per sq. ft. in addition to 
the dead load, involved some special consideration, and was made somewhat heavier 
than otherwise necessary, as it wes cssential that no shuttering should be left up after 
Mav 11th, and both flights had to be ready for use bv Mav 12th, work having been 
commenced on February 10th. The short time in which the work was completed, 
and the excellent finish obtained, reflect great credit upon the contractors, The 
Empire Stone Co., l.td., who carried out the work to the designs and under the 
supervision of Mr. Burnard Geen, A.M.I.C.IE., Consulting Engineer to the Council 
of the Festival of Empire and Imperial Exhibition. 


Reinforced Concrete Gallery. 

Another structure at the Festival of Empire in which reinforced concrete was used 
is the reinforced concrete gallery’, shown in the illustration on page 711. The building 
in which this gallerv was constructed is a polvgon, having 16 sides, the diameter being 
roughly 123 ft. 6 in. 

In order to increase the available floor space, it was decided to construct a gallery 
15 ft. wide round the cntire building. Reinforced concrete was adopted, as not 
only did it cost some 15 per cent. less than a construction in steel girder work and 
concrete filling, but also gave a fire-resisting structure, which was an essential require- 
ment, owing to the very valuable nature of the exhibits to be housed in the building. 
The 16 main columns were set out bv dividing the inscribed circle of the building 
into 16 parts, the centres of the columns being at the intersection of the radii thus 
found and lines drawn parallel with the sides of the building, and 12 ft. out from the 
walls. The main beams are 16 in. by 7 in., the secondary beams being 9 in. bv 5 in.. 
with 3 ft. cantilevers, three out of four of which arc arranged at right angles to the side 
walls, every fourth being arranged to radiate from the centre of the building. 

The slab is 31 in. thick. Access is provided to the gallery bv two staircases, the 
whole of the upper surface of the stairs and gallery being finished with 1 in. granolithic, 
put on as soon as possible after the main body of the concrete was deposited. 

The design is of the plainest possible description, and evervthing was done to 
keep the cost down to a minimum. The work was designed to carrv a safe load of 
1} cwt. per super foot in addition to the dead weight, and was carried out by Messrs. 
Humphrevs, Ltd., of Wnightsbridge, to the designs and under the supervision of 
Mr. Burnard Geen, X.M.Inst.C.HE. 
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NEW USES FOR CONCRETE 
AT HOME AND ABROAD. 


Under this heading reliable information wilt be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimenta, 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railwa 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete ts an excellent substitute for 
brickwork where structures of great height are required. —ED. 


CONCRETE FISH MARKET TROUGHS. 


THE illustration below of the application of reinforced concrete in the construction 
of fish troughs is a striking example of the numerous different ways in which this 
material is used where hygienic conditions are of primary importance. The troughs 
in question are in the Fish Market in Sydney, New South Wales, and they have been 
highly satisfactory. Being poured monolithic, these troughs are quite sanitary and 
are easily cleaned, in addition to which the great inherent strength of this form of 
construction permits of reasonably hard usage without detrimental effect. These 


CONCRETE FisH MARKET TROUGHS IN SYDNEY, N.S.W. 


troughs have proved so satisfactory that concrete has been adopted for similar con- 


structions in other parts of Australia. We are indebted to the Cement World for our 
illustration. 


CONCRETE DRINKING PLACE FOR CATTLE. 
OwiNc to the great strides made in recent years for sanitary conditions for cattle. 
etc., on farms, the use of concrete for such purposes has rapidly increased, as it is 
generally recognised that there is no better method of securing absolute cleanliness. 


The durability and economy of this form of construction also commend themselves 
particularly to the farmer. 
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The concrete drinking place, illustrated on this page, was erected by Mr. Fred. 


Ballard on Winning's Model Dairy Farm, at Colwall, Malvern. | 
The method of construction was extremely easy, and consisted of cutting through 


CoNcRETE DRINKING-PLACE FOR CATTLE. 


an agricultural drain, a space 
ot about 4 ft. wide being 
dished down slightly below 
the drain level, and the whole 
surface covered with concrete. 

Two posts and a beam 
on the top side of the drink- 
ing place prevent cattle falling 
in. The drain in question 
taps a small spring, seldom 
or never dry, and thus pro- 
vides a clean supply of water 
instead of the usual dirty 
drinking place. The entire 
cost was under 20s. 


CONCRETE IN THE 
GARDEN. 
WE are constantly present- 
ing examples of the use «of 
concrete in the garden. The 
work lends itself admirablv 
to the amateur gardener who 
has time on his hands, and 


has a taste for carving or modelling. The illustration herewith shows a concrete 
garden ornament made at the School of Industrial Art of the Pennsylvania Museum. | 
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NEW BOOKS 


AT HOME AND ABROAD. 


A short summary of some of the leading books which have appeared during the last few months. 


Manual of Reinforced Concrete and Con- 
crete Block Construction. By Charles F. 
Marsh, M.Inst.C.E.. еіс, and William 
Dunn, F.R.I.B.A. 


Published by Constable & Co., Ltd., 10 Orange Street, 
Leicester Square, W.C. Second edition. 7/6 net. 


x.-312 pp. 
Contents.— Part I., Materials; Part Il., 
Construction; Part III., Water- 


proofing and Fire Resistance ; Part 
IV., Loads, Bending Moments, etc. ; 
Part V., Calculations; Part VI., 
Hollow Concrete Blocks ; Part VII., 
Tables, Diagrams, and General In- 
formation. 


The little ''* manual"' of Messrs. С. F. 
Marsh and William Dunn, based in the 
main on the larger work by the same 
authors, has now reached a second edition 
and has undergone some revision as well 
as enlargement by the addition of a series 
ofappendices. Thelittle book has proved 
its value in actual use, and is probablv 
already familiar to most persons engaged 
in the practice of reinforced concrete 
construction. It is strongest on the 
engineering side, the methods of comput- 
ing stresses, bending moments, etc., in 
structures of very diverse kinds, being 
treated with great fulness, with an exten- 
sive use of graphical methods. In this 
connection the criticism may be made 
that some of the diagrams have suffered 
badly by reduction to the size of the 
small page, so that the detail becomes 
blurred, making the reading of the 
figures difficult, even with the aid of a 
glass. For this defect the authors are, 
of course, not responsible, but the con- 
venience of these graphical diagrams is 
such that the point deserves attention. 
All who have to deal with the transforma- 
tion of metric into British units will 
appreciate the advantage that such 
diagrams as Figs. 106 to III possess over 
tables, but the practical engineer would 
probably prefer to re-draw them on a 
larger scale. 

The numerous fully-worked examples 
of calculation are of great value. The 
working stresses assumed throughout аге: 
боо lb. in.? for concrete in compression in 
beams, and 16,000 lb. in.? for steel in 
tension, these being the figures assumed 
as normal by the Committee on Rein- 
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forced Concrete of the Roval Institute of 
British Architects. An examination of 
the worked examples should, however, 
make it easy to substitute the values 
when these seem to be justified by the 
results of tests of the concrete. The 
difficult subject of the pressure of carth on 
retaining walls is well treated, this section 
including a summary of the discussion on 
the subject in the American Society of 
Civil Engineers in 1907, from which it is 
evident that the theory of earth pressure 
in such cases is still very imperfect, in 
spite of the great amount of practical 
experience already available. The ques- 
tion of pressure on the bottoms of hopper 
bins and silos is treated briefly, but 
clearly. Slabs and T-beams are fully 
treated, and an appendix contains the 
article on the graphical statics of rein- 
forced concrete structures contributed to 
Engineering by Mr. Dunn in 1908. Other 
appendices deal with the calculation of an 
arched roof truss, with the spacing of 
stirrups, and with the reinforcement of 
hooped columns. The book also con- 
tains a number of tables of engineering 
data. 

The principal criticism to be made 
relates to the first three chapters, in which 
the materials of construction are dis- 
cussed. The quality and preparation of 
the concrete, on which the strength and 
durability of the structure depend so 
entirely, deserve fuller treatment than 
they receive, especially as regards the 
proportioning of the ingredients in order 
to obtain a minimum of voids in the con- 
crete. A few data are given in a later 
part of the book, under the heading of 
hollow concrete blocks, but further infor- 
mation of the kind to be found in several 
continental manuals would have been 
very useful. А number of recipes for 
mixtures intended to render concrete 
waterproof are given, but the addition of 
petroleum to the concrete during mixing, 
recently practised in America with good 
results, is not mentioned, and the neces- 
sity for such artifices would be almost, if 
not completelv, obviated bv greater atten- 
tion to the scientific grading of sand and 
aggregate, so as to obtain a thoroughly 
dense and impermeable concrete without 
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the addition of extraneous substances, 
which frequently impair its strength. 
The notes on fire resistance are clear and 
adequate, although greater emphasis 
might have been laid on the necessity 
of special precautions to ensure that rein- 
forcing rods are always situated at a 
sufficient distance from the surface. The 
effect of variations of temperature in 
producing stresses in reinforced concrete 
structures is discussed on page 202, these 
stresses being of much less importance 
than has sometimes been assumed. The 
authors' allowance of 15? as the range of 
temperature to be taken into account is 
probably ample. 

Special forms of reinforcement are 
described and illustrated, but the selection 
appears to be somewhat arbitrary, and this 
section might well be revised. The 
account of the manufacture of hollow 
concrete blocks is compiled from the 
Cement Age, and other forms of construc- 
tion, more familiar in this country, are 
omitted. There are several misprints of 
proper names. 

It has been thought advisable to select 
those features of the book which are open 
to criticism, in view of the probability 
that a further edition will be called for 
before long, when certain emendations 
might be made with advantage. Nothing, 
however, that has been said as to minor 
blemishes detracts from the great value 
of the “ manual ” for practical men and 
students. Its compilation has involved 
a vast amount of labour, and could only 
have been undertaken by men with a 
thorough knowledge of their subject. 
The authors are to be congratulated 
on their work, for which their readers 
should be grateful. 


* Lectures on Reinforced Concrete delivered 
at the Institution of Civil Engineers in 
November, " Py William Dunn, 


F.R.I.B.A. 

Published by University of London Press, Hodder & 

Stoughton, Warwick Square, Е.С. Price 7/6. Ехо. 
142 pp. t vii. diagrams. 

Contents. — Columns and Compression 
Members—Beams—Retaining Walls 
—Bridges—Quantities and Costs— 
Failures—Appendix I.: Graphical 
Solution of the Continuous Girder— 
Appendix II.: Diagrams for the 
Solution of T-beams. 


It is an excellent feature of the reor- 
ganised University of London that pro- 
vision is made for the delivery from time 
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to time of special courses of advanced 
lectures, unconnected with examinations, 
by lecturers distinguished in their respec- 
tive subjects, and not necessarily members 
of the academic staff. Mr. Dunn’s lec- 
tures on reinforced concrete, delivered 
last year to advanced students of engineer- 
ing and others, are a result of this scheme, 
and have now been reprinted, with a few 
additions, by the University of London 
Press, forming a handsome and excellently 
printed volume. 

It may be assumed that the lecturer had 
in view those members of his audience 
who already possessed a knowledge of 
general engineering, but who had no 
experience in, or special knowledge of, 
reinforced concrete construction. The 
six lectures deal, respectively, with 
columnsand compressionmembers, beams, 
retaining walls, bridges, quantities and 
costs, and failures. An appendix con- 
tains the graphical solution of continuous 
girders, treated in detail, by a method 
which has been chiefly employed on the 
continent. А set of seven diagrams for 
the solution of T-beams with single and 
double reinforcement has also been added, 
and the folded drawings are enclosed in a 
pocket at the end of the book. These 
diagrams, which should prove of great 
value to designers of reinforced concrete 
structures, have been reprinted on thick 
paper and are obtainable separately. 

The lectures should serve a useful pur- 
pose in directing attention to the advan- 
tages of construction in reinforced con- 
crete, especially as the author does not 
adopt an attitude of undiscriminating 
enthusiasm, but argues fairly and with 
judgment. This is particularly noticeable 
in the chapter on costs, in which the 
author rejects the claim, sometimes made, 
that reinforced concrete is always the 
cheapest material, and bases its claims 
rather on its permanence and resistance 
to fire. These advantages certainly 
justify the increased expenditure which 
is often involved in the adoption of 
reinforced concrete in the place of un- 
protected, or imperfectly protected, stecl 
construction. The chapter on failures, 
although expressed only in general terms, 
contains useful warnings and is very sug- 
gestive. It is highly desirable that 
students should give careful consideration 
to recorded cases of failure and to the 
special dangers which present themselves 
in this tvpe of construction when neces- 


sary precautions are omitted either from 
rashness or, as more frequently occurs, 
from lack of proper supervision during 
erection. 

The remaining lectures do not, of 
course, cover the field of construction in 
reinforced concrete, but treat only of 
certain selected aspects of the question. 
Reference is made to the existence of 
patented systems, and examples are occa- 
sionally taken from certain of them for 
purposes of illustration, but it is rightly 
pointed out that although the use of 
special patented reinforcing bars may 
sometimes be of advantage, the general 
method of construction, using plain steel 
bars, is independent of special ‘‘ systems." 

The introductory section, dealing with 
the composition and mixing of the con- 
crete, is the least satisfactory part of the 
book, the information given being too 
scanty to be of much practical value. This 
being a subject of which the ordinary 
student of engineering has little or no 
knowledge, more attention might with 
great advantage have been given to it. 
It is in the direction of more accurate 
grading, proportioning and mixing of 
concrete that the greatest increases of 
strength, durability and resistance to 
destructive agents are to be sought. In 
discussing the action of sea water on 
concrete in marine works, a short abstract 
is given of the admirable experiments of 
the Scandinavian Portland Cement Manu- 
facturers, which led unmistakably to the 
conclusion that, at least in northern 
latitudes, the direct chemical action of 
Sea water is insignificant in comparison 
with that of mechanical erosion, evapora- 
tion and frost. 

In the calculations, the ratio of the 
moduli of clasticity is assumed throughout 
to be 15, although it is admitted that the 
true ratio is very variable on account of 
the variation of the elasticity of concrete 
with its composition, age, and degree of 
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compactness. It is, of course, desirable 
to use a more accurate value when the 
necessary data are available in the form of 
tests of the concrete. The principle of the 
conservation of plane sections is also 
assumed, and, whatever theoretical objec- 
tions may be advanced against such a 
procedure, it is certain that it is unavoid- 
able in ordinary routine work. 

Retaining walls, dams, and bridges are 
next discussed, the treatment of retaining 
walls being fully mathematical whilst that 
of bridges is more general. Some con- 
sideration is given to the question of 
aesthetic treatment, the author urging 
that the appearance of reinforced work 
must depend chiefly on the structural 
form, and only in a lesser degree on colour 
and texture. This is a point which 
should be borne in mind by designers of 
reinforced concrete structures. The 
author objects, in our opinion rightly, to 
bowstring girder bridges and similar mere 
imitations of steel structures in reinforced 
concrete. The acid treatment of concrete 
is recommended for the production of a 
pleasing surface. 

The only criticism to be made of these 
lectures is that they exhibit a certain 
inequality of treatment, some sections 
being comparatively advanced in charac- 
ter, whilst others are very elementary and 
general. A systematic review of the 
subject was neither to be looked for or 
desired, and the inequality alluded to 
was no doubt difficult to avoid. Differ- 
ences of opinion will exist as to the hypo- 
theses adopted in certain cases, but this 
1s true of the whole subject, which is far 
from having reached a Stage in which 
there is general agreement as to its theo- 
retical foundations. Mr. Dunn's book 
will fulfil its purpose of arousing the 
interest of young engineers in this mode 
of construction, and so indirectly assist in 
the establishment of that better scientific 
basis which is so desirable. 


MEMORANDA. 


Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.— 


Instruction in Reinforced Concrete and Structural Engineering.—The session 
for the course of instruction in reinforced concrete at the London County Council’s 
School of Building, Ferndale Road, Brixton, opens on September 18th, the lecturer 
being Mr. H. Kempton Dyson, the Secretary of the Concrete Institute. The full 
scheme of instruction is as follows :— 

Elementary Course : (т) Reinforced Concrete Construction, Quantities and Prac- 
tical Work—Mondays. (2) Reinforced Concrete, Theory and Design—Tuesdays. 
(3) Drawing and Design of the Constructonal Steelwork of Buildings—Wednesdays. 

Advanced Course : (1) Structural Design—Wednesdays. (2) Reinforced Concrete, 
Theory and Design—Tuesdays. (3) Drawing and Design of Reinforced Concrete and 
Steelwork—Fridays. 

The time will be 7-9 p.m. and the Session lasts about 30 weeks. The detailed 
syllabus can be obtained free on application at the School. The fees are very moderate, 
being Ios. per session (and in special cases 4s. 6d.). 

Coast Erosion.—The final report of the Royal Commission on Coast Erosion has 
just been published. Part I. deals with the physiographical and geographical con- 
siderations affecting the coast line. Part II. treats of the extent of erosion in recent 
years on the coasts and in the tidal rivers of the United Kingdom. Part III., which 
will be of most interest to our readers, deals with sea protection works and gives 
evidence of various witnesses as to the design of sea-walls, groynes, etc. In this 
respect the following conclusions of the Committee are w orthy of note :— 

With regard to sea-walls and similar works of defence, for the reasons we 
have given, their construction should almost invariably be accompanied by 
suitably designed grovnes, extending seawards continuously from the face of 
such works and carried out simultaneously therewith. 

With respect to grovnes, speaking generally, our view is that, to be of maxi- 
mum efficiency, they should be of a distance apart about equal to their length ; 
that they should extend continuously from the shore or work to be protected 
to the vicinity of low water of spring tides; and that, with regard to direction, 
they should point slightly to windward. With respect to their height, this must 
be governed almost entirely by local conditions and requirements. 

The report is accompanied by three plates showing the plan and sections of various 
grovnes in England, and three showing the design of different sea defence works in 
Holland. 


Soap Water in Concrete.—Soap water in concrete has, it is said, been used in 
Germany, instead of ordinary water, to make reinforced concrete water-tight. A grain 
elevator, which was exposed to inundation, was built on the Danube, the gauging water 
used for the concrete being replaced by a solution of potash soap. The building has 
stood one inundation well, while another building of the same material, without the 
soap, did not keep out the water completely. 

More than ^ Mile of Concrete Floor.—The recently-completed Armour-Swift- 
Burlington Bridge crossing the Missouri River at Kansas City, U.S.A., is 5,998 ft. 
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long, and the entire floor is of concrete, mixed in a single Ransome mixer, which was 
located on the shore directly under the bridge, the material being hoisted in a tower. 
This is probably the longest concrete floor in the world. 


Tests on a '* D. G. Somerville '" Floor.—Messrs. D. G. Somerville & Co. send 
us the following account of a test of one of their fire- and sound-resisting floors which 
was recently carried out by them at their New Cross works, under the supervision of 
the Metropolitan engineer, Mr. Drury. Messrs. Somerville’s floor consists of hollow 
reinforced concrete tiles of about 3 ft. 4 in. span, of an arched section, the reinforcing 
consisting of a network of 
steel rods, being continuous 
round the tile. The tiles are 
manufactured in iron moulds, 
and are then matured for two 
months before being used. 

The test was carried out 
with a view of testing the 
load-carrying capacity, and 
also as to whether there was 
any thrust transmitted by 
the arched tiles to the R.S, 
joists when heavily loaded. 
A section of floor, 7 ft, span 
by 3 ft, 4 in. wide, was con- 
structed with two 6 in. by 
3 in, RS.. joists, six tiles 
being placed between them, 
and then concreted over with 
clinker concrete, gauged six 
and one, The age of the 
tiles was three months, and of 
the finished floor five weeks, 
the two 6 in, by зіп, R.S. 
joists being tied together by 
three $ in, diam, tie bolts, to 
take up any thrust, Messrs, 
Somerville guarantee this 
floor to support a super- 
imposed load of 3 cwts,, but 
under a concentrated load of 
7 cwts,, equivalent to a dis- 
tributed load of 14 cwts,, no 

Test or “D. G. S." Mw "TER deflection or sign of failure 
Diemer Ranwam OORT Could be observed, the load- 
| ing at this point having to 

be discontinued owing to the impossibility of carrying it up any higher, 

When a load of 10 cwts.—or half a ton per sq. ft,—was reached, the tie bolts 
were unscrewed, but not the slightest sign of thrust could be observed, even when 
the maximum load of 14 cwts, per sq. ft, was reached, this clearly proving that the 
bottom cord was a perfectly efficient tie, 

The illustration shows the general arrangement of the test, 


It IS interesting to note that this system of flooring has proved to be most 
effective in railway cuttings, as а preventive of the noise of the trains, and has been 
extensively used for the purpose. 


Railway Sleepers of Reinforced Concrete and Asbestos.—A new reinforced 
concrete railway sleeper tested on the Bavarian railways seems to combine the 
elasticity of wood with the durability of steel and concrete. Asbestos fibres 
soaked in water and saturated with pure cement is one of the elements used. The 
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mixture, after complete saturation with water, forms a soft, tenacious mass which does 
not permit tamping or ramming as concrete does, but reaches two-thirds of the breaking 
strength of concrete. After setting it can be drilled, nailed and hammered like wood, 
and retains its hold upon other materials better than wood. The concrete consists of 
one part cement, one part rubble, and two parts gravel sand. The asbestos is used 
only below {һе actual seat of the rails. 

The seven steel rods of the tensile zone reinforcement are imbedded below the 
rail scat, which is also of concrete, and the asbestos is placed on top of this. This 
lessens the cost of the tie, as the asbestos is rather expensive. A tie costs about 
6s, 3d. The weight is about three times that of the wooden tie, 220 kg. (484 lbs.) The 
setting of the cement and asbestos is much slower than that of concrete, and is accom- 
panied by formation of heat. Hydrates of lime are formed in the process, as asbestos 
(calcium-magnesium silicate) has only a little silicic acid due to impurities. The excess 
of lime in the cement (25 per cent.) is also changed to hydrate of lime with formation 
of heat. Whcther the ties will meet the requirements of the expected wear and tear 
is still a matter of doubt, as they have only been used five months so far, although they 
have shown no defects within this time.—Zement and Beton. 


TRADE NOTICES. 

A New Reinforced Concrete Firm.—Mcessrs. Trollope & Colls, of London, the well- 
known firm of contractors, have added an engineering department to their company 
for design and construction of structures in reinforced concrete or steelwork. 

The offices of this department are at 5 Coleman Street, London, E.C. 


The British Reinforced Concrete Engineering Co., Ltd., inform us that thcir new 
handbook is in the hands of the printers at the present moment and will be ready for 
issue early in September. This will be sent on application to the Company's office 
at 196 Deansgate, Manchester. 


The British Concrete-Steel Company has now been merged in the Indented 
Bar and Concrete Engineering Co., Ltd., Queen Anne's Chambers, London, S.W., 
and their northern agent is Mr. УУ. К. Taylor, 50 Brudenell Mount, Hyde Park, Leeds, 
to whom all communications should be addressed. 


W. Love's" System of Flat Sheet Rolling.—An interesting pamphlet has been 
sent us by Mr. Love regarding his new invention for obtaining uniform flat sheets 
and thus eliminating deflection in rolling machinery. 

In order to obtain perfectly flat sheets it is essential that the rollers used for 
these sheets should not bend or deflect. However, the great majority of pressure 
rollers as at present constructed are supported by their bearings at the two ends, 
and have no intermediate support, so it follows that such rollers will bend when in 
use. The principle of Mr. Love's svstem consists in supporting the pressure rollers 
at intermediate points along the length by means of bearings, leaving the ends free 
Mr. Love's system consists in providing means for suitably distributing the pressure 
on thc bearings supporting the pressure roll, which is essential to produce uniform 
pressure along the working surface of the roller. 

Among the other advantages claimed for this system are that rollers even of 
small diameter remain perfectly parallel under every load, and that accuracy of flat 
rolling is quite unaffected by variations of pressure, speed, or hardness of material. 
There is also economy of driving power and of first cost and renewals. 

This invention was submitted to Mr. W. Dudell, M.1.E.E., F.R.S., who says 
at the conclusion of his report that he considers the principle of Mr. Lowe’s system 
scientifically sound, and that the application of this principle properly carried out 
showed result either in a considerable improvement in the straightness of the roll 
under all loads or in the possibility of using a very much lighter and thinner roll 
for the same work. 

For fuller particulars of the system we must refer our readers to the booklet and 
the literature on the subject, which are obtainable from Mr. Love, 42 Claremont 
Square, N. 

Messrs. Edmond Coignet, Ltd., have recently issued avery excellent booklet on 
their system, with notable examples of work executed in this country, This booklet 
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is published in large quarto size, and comprises 122 pages of well-illustrated matter, 
and should be of great interest to all architects and engineers concerned in the design 
and execution of reinforced concrete work, as it shows the adaptability of the Coignet 
system to many different classes of work, including not only large factories and office 
buildings, wharves, piers, and bridges, etc., but also water reservoirs and tanks, coal 
bunkers, silos, and many other similar structures, Besides the British examples, a 
few others are presented from distant lands, notably the extensive public buildings 
in Jamaica, which have been described in this Journal, 

Reinforcement of Columns.—In the article on the second report of the Joint 
Committee of the R,I.B,A, in our August number we quoted a paragraph from the 
report which states, concerning the construction of pillars under direct thrust, that 
‘“ The most efficient disposition of the lateral reinforcement would appear to be in 
the form of a cylindrical helix," Messrs, The Considére Construction Co, inform us in 
this connection that the circular hoops and cylindrical helix, when used for rein- 
forcement, are covered by the Considére patent, which is controlled by them, 


mee BRITISH ones 
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CONSTRUCTIONAL ENGINEERING 


Volume VI. No. 10. LONDON, OCTOBER, 1911. 


EDITORIAL NOTES. 


THE REINFORCED CONCRETE TRADE. 


current vear from the reinforced concrete trade that, in their efforts to create 

a great industrv, the profits as a rule are so diminutive, and that it 1s impossible 
to speak of the trade as a prosperous one as a whole. 

This appears to be particularly the case where firms combine the duties of 
designers and contractors, as distinct from those who are designers pure and 
simple, and draw fees as designers from contractors by way of commission on the 
value of the work done under their special systems. To put it plainly, the firm 
that acts both as designers and contractors seems to fare worse than the firm that 
acts as specialists and designers only. Further, the firm that acts as contractors 
in a general way, and looks upon reinforced concrete structures purely as buildings 
executed in the ordinary course of their business, much as they would look upon 
a steel frame building, or a temporary wooden structure, appears often to fare 
better with reinforced concrete than a newly-establishec firm that lays itself out 
to do reinforced concrete work only. 

We have betore us particulars of several well-known firms who have lately 
found it necessary to retire from the reinforced concrete trade, and who belong to 
the category of establishments who did both their own designing and contracting. 
We have long argued that this combined form of doing business is anomalous 
and not in the interest of reinforced concrete. We have strongly held that 
specialist designers, much as specialist consulting engineers, have a raison d'étre, 
and whether they be paid by their clients or by contractors on royalty is of little 
matter as long as the fact of the payment being made is clearly understood by 
the emplover. 

We have also stronglv held that existing experienced contracting firms who 
take up reinforced concrete as an additional department are likely to work the 
material to make it pay best. One of the advantages of having a reinforced 
concrete department as an adjunct in a general contracting business is that the 
work of the department may fluctuate in amount without materially affecting 
the general turnover of the general business. Fluctuations in a business devoted 
to reinforced concrete only are very serious matters. If the general contractor 


Е is with much regret that we have heard numerous complaints during the 
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should give his reinforced concrete department a staff for general designing, much 
as he is prepared to design or obtain designs for апу piece of steel frame construc- 
tion, or for anv decorative scheme, all well and good, and as long as the demands 
made upon him for these are not out of the ordinarv, he will no doubt be able to 
handle a proposed scheme of reinforced concrete construction that is put before 
him for design much as he is able to deal with any ordinary proposal for a steei 
frame design ; but should the problem put before him be a difficult one, he will be 
well advised to call in a specialist consultant to help him, much as he would ask 
a consulting engincer to help him get out his design for a complicated piece of 
steel frame work. 

Reinforced concrete lends itself particularlv as a department of a big con- 
tracting firm, for then the contractor can erect uprights and floors in reinforced 
concrete, fill in brick walls, put in the joinery, etc., all under one contract, or 
undertake the reinforced concrete work pure and simple as the case тау be. 
The firm that undertakes reinforced concrete only is, on the other hand, generally 
not equipped to undertake other work. | 

The firm that sets out to do reinforced concrete work only—to do the designing 
and the contracting combined —sets out under particularly difhcult circumstances, 
and unless it enjovs considerable financial strength and influence, it is more 
likely to fail than to succeed. The reason for this 15, in the first place, that the 
demand for reinforced concrete buildings fluctuates considerably, and whilst 
such a firm may be busy, indeed, for one vear or for one season, employing a large 
designing and executive staff, it mav find itself the next year very slack indeed, 
with its staff idle. | 

The responsibility of reinforced concrete contracting is also considerable. 
Monev has to be left as retention money for long periods. On the other hand, the 
credit given to the newer firms is short. But, above all, there is not enough work in 
reinforced concrete to feed the manv general contractors, who would scarcely 
feel an occasional slackness, and at the same time to provide a large number of 
specialist contractors with orders to whom reinforced concrete is their all in all. 

Under the circumstances, we would warn new firms from establishing them- 
selves solely as reinforced concrete contracting and designing specialists - whilst. 
on the other hand, we would strongly recommend our large builders to follow 
the excellent example of firms like Messrs. Cubitt, Messrs. Trollope & Colls, Messrs. 
Stuart's Granohthic Co., and others, and not shut their eyes to the advantages 
of a reinforced concrete department. 

As to the specialists occupied purely with design, those who exist, be they 
individuals or limited companies, will no doubt have a fair future, more particu- 
larly if they do not limit themselves to designing solely on the systems with 
which their names are associated, and will take up the position of general con- 
sultants ready to design anything in any form of reinforced concrete that the 
emplover mav demand. 

We are fully aware of the complaints of those who have now closed down their 
businesses, and also of others, that one of the causes of failure to make reinforced 
concrete remunerative in the form of combined specialist and contractor is due 
largely to causes over which they have no control— namely, the insensate under- 


724 


ЕТСЕН; JOINT COMMITTEE'S REPORT. 


cutting in prices of certain firms who seem to regard a bulkv unprofitable turnover 
of more importance than a smaller profitable one ; and, secondly, owing to the 
great hardship inflicted upon firms of this kind in having to put in elaborate 
designs and detailed quantities for employers and architects on the off-chance of 
their getting an order. | 

.Into the problem of undercutting, we may enter on a future occasion. 
Regarding the question of the architect who demands detailed designs from 
competitors, we have already expressed our opinion forcibly ; but here, again, 
we may take up the matter on a future occasion. In the meantime, we trust 
that in the coming session of the Concrete Institute that body may do something 
tangible to ameliorate this last named feature which has become an absolute 
nuisance to a very deserving pioneer industrv. 


THE JOINT COMMITTEE'S REPORT. 

IN criticising the Report of the Joint Committee on Reinforced Concrete in our 
September issue we dealt with the subject of formule for the calculation of the 
strength of hooped pillars. Our remarks were, however, framed on a misreading 
of the report in one particular—namely, in respect to the symbol 7, which we find 
refers to the volumes of hooping and the core, and not to the hooping and the 
longitudinals. The result is that the spacing factor is a single term, and the 
formula is quite rational, so that we find ourselves in theoretical agreement 
therewith. 

The limitation of stress on the concrete also then becomes a reasonable 
precaution, as it means that a limit—expressed in terms of the ultimate resistance 
of a cube of plain concrete—is imposed to prevent escape of the materials between 
the spirals by a somewhat analogous action to the fluidity of metals when they 
pass their elastic limit. 

As we have said before, we are sorry that the Committee did not explain 
their recommendations in detail, because, as the above is an instance, we have 
found it easy to misapprehend the purport of any ruling when one has to do a lot 
of expert reasoning to find out the meaning. Perhaps the idea is that of the old 
judge who told the young one “ Give your conclusions, but never your reasons, 
for your conclusions may be right though your reasons be wrong.” That, 
however, is not the scientific and helpful spirit we would like to see in vogue. 


THE CONCRETE INSTITUTE'S NEW SESSION. 
THE new session of the Concrete Institute will shortly be starting, and we take 
this opportunity of reminding those in authority that a very Dm amount of 
useful work is expected from that body during the impending session, whilst at 
the same time papers are desired of higher average and greater technical interest 
than those presented during the past year. 

The Institute on this new session starts with the material addition of new 
blood in its council, also with the new chairman to its important Science Com- 
mittee. 

No programme of the papers for the coming session has as yet reached us, 
and the problems that will be under discussion can only be arrived at by deduction, 
inasmuch as we know that the reinforced concrete regulations of the London 


B 725 


TESTING REINFORCED CONCRETE BEAMS. NCDETE) 


County Council will shortly be coming before the Local Government Board, and 
that the Institute’s work on the standardisation of drawings, and on_ certain 
questions of tests, have not yet been completed. 

The non-publication of a programme of papers is regrettable, seeing that in 
these busy times those members of the Institute whose influence in discussion 
is the most important, have to book up their appointments long in advance, and 
we have before us practically an excellent programme of the papers of nearly 
all the kindred societies. 

The Concrete Institute is largely interested in reinforced concrete, and we 
think we should remind its council that a great deal is required at the present 
moment to assist that material in obtaining that recognised position among the 
structural materials that cannot be strictly accorded it as long as a Government 
department of such importance as the Local Government Board does not seem 
to recognise it to be of equal value to ordinary structural material. 

It should be the business of the Concrete Institute to see that they are recog- 
nised during the impending session in all matters relating to concrete, and no 
time, effort or expense should be spared to push the matter forward. 


TESTING REINFORCED CONCRETE BEAMS. 
IN this issue we are presenting particulars regarding the practical testing of 
reinforced concrete beams on Dr. Von Emperger’s system. 

We think the system put forward requires attention and that the possibility 
of obtaining simple reliable tests on the job is of such importance that Dr. Von 
Emperger's proposals should be carefully inquired into in this country, either 
for the purpose of development or for an adaptation to our purposes. The 
primary feature in the proposed test is simplicity, and at the present moment 
we certainly lack means for simply and rapidly testing reinforced concrete beams. 


ROYAL LIVER BUILDING, LIVERPOOL. 


THE ROYAL LIVER 
BUILDING, LIVERPOOL. 


The Royal Liver. Building described below is one of 
the most important structures erected ín reinforced 
concrete in this country, and the following description 
of the constructional work should be of great interest 
to our readers. — ED. 


By. ALBERT LAKEMAN, 


THE adoption of reinforced concrete as the constructional material in this building 
must be considered as a very important fact, and one which affords conclusive 
evidence of the value of such material in cases where heavy loads have to be 
carried with a minimum number of supports, combined with efficient construc- 
tion, fire resisting in character, and capable of rapid execution. 

It is practically the first “ skyscraper ” in this country, and it must be 
considered as the finest example of a building in reinforced concrete that we 
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Fig 1. View of Skeleton Construction. 
THE ROYAL Liver BUILDING, LIVERPOOL. 
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CES ROYAL LIVER BUILDING, LIVERPOOL. 


have yet produced. Much discussion has taken place at different times as to the 
relative advantages of reinforced concrete and structural steel when rapid execu- 
tion is required, and it is very interesting to note that in this building, which 
covers an area of about 45,000 sq. ft., the first seven floors were constructed in 
an average time of nineteen working days per floor, and this will commend itself: 
to all those interested in the question of quick construction, which has become 
such an important factor in modern work. 


The building, which has recently been opened, was designed as offices for the 
Royal Liver Friendly Society by Mr: W. Aubrey Thomas, of Liverpool, and the 
reinforced concrete work has been carried out on the Hennebique system, designed 
by Messrs. Mouchel & Partners. The site is that formerly occupied by the St. 
George's Dock, in the vicinity of Prince's Landing Stage, and the building measures 
about 301 ft. long by 177 ft. 6 in. wide, whilst the height up to the main roof is 
over 170 ft. 

The domes of the two main towers are 295 ft. above pavement level, and 
there are eleven stories below the main roof, whilst each of the main towers contains 
six stories, making seventeen stories in all, and giving a total height of 320 ft. 
from the basement floor level to the top of the towers. These figures give some 
idea of the magnitude of the undertaking, and make it clear that enormous loads 
had to be carried by the foundations and lower columns. Owing to the soil 
being incapable of carrying these loads, it was necessary to sink concrete founda- 
tion piers down to the old red sandstone, lying at a depth of from 32 ft. to 47 ft. 
below the surface level, and these were connected at the top by reinforced concrete 
slabs upon which the loads were distributed. This foundation slab is surrounded: 
by retaining walls constructed around the whole site, these being carried on large 
concrete beams formed between the foundation piers, which were at an average 
distance of 30 ft. apart. In some cases where piers were not available as supports, 
cantilevers projecting 11 ft. from the main columns were constructed to carry 
the retaining wall and basement flooring. The retaining walls themselves really 
act as deep beams, and were comparatively light in character, being formed 
with a 5-in. vertical slab, having a continuous coping 18 in. wide and 8 in. deep 
at the top, and an extended base consisting of a wide toe and slightly projecting 
heel. The slab itself is stiffened with vertical counterforts at short intervals 
apart, and horizontal ribs projecting from the slab and connected with the counter- 
forts. This work was attended with great difficulty, and required to be executed 
with great care, as the subsoil water level rises to a height of 1o ft. above the 
basement floor line, and should any defect occur it would have very serious 
effects. 

The ground floor plan is illustrated in Fig. 2, and the positions of the sup- 
porting columns can be seen, and it will be noticed that the number is com- 
parativelv small, thus giving an open floor space capable of being divided up 
in almost any manner required by the occupiers. These columns provide some 
interesting construction, the interior ones beneath the main towers carrving a 
total load of 1,200 tons each at the foundation level, while the corresponding 
members on the exterior wall support a total load of 1,500 tons each. These 
latter are 8 ft. by 3 ft., and are reinforced by 42 vertical bars, tied in every 
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direction by }-in. diameter steel links spaced at 3-in. centres. These columns 
actually carry a load of goo tons at the ninth floor level, and at this point they 
are only 3 ft. square. The remaining columns in the exterior walls which 


Fig. 3. An Interior View. 
THE ROYAL Liver BUILDING, LIVERPOOL. 


support floor loads and the granite curtain walls carry a total load of about 
750 tons each at the foundation level, where they are 8 ft. by 1 ft. 9 in., while 
the average size at the top is I4 in. by 12 in. 

The beams and wall lintels provide examples of scientific design only possible 
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with the material employed, owing to the heavy loads and large spans which had 
to be dealt. with. All the columns are braced in every direction by the beams 
and lintels at each floor level, the latter being generally about 18 in. deep and 


LIVERPOOL. 


An Interior View, showing concrete beams and arched ribs carrying glass roof. 
THE ROYAL LIVER BUILDING, 


1. 


Fig. 
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9 in. wide, reinforced with two bars in both the tension and compression areas. 
A typical floor beam has a span of about 4o ft., with a width of 9 in., and a depth 
of 34 in., including the thickness of the floor slab. The reinforcement consists 
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of four bars in tension, two being straight from column to column, two being 
turned up at the ends, and two bars in the compression area. Stirrups of hoop 
are provided at varying distances throughout the length connecting the two 
sets of reinforcement, and giving provision against shear and diagonal tension. 
Generally speaking, these floor beams are spaced at 16-ft. centres, and the bays 
are filled in with hollow flooring as described below. The beams illustrated in 
Fig, 6 are constructed at the ninth and tenth floor levels in the west main tower. 
The upper beam has a clear span of about 38 ft., and carries two secondary 
beams and a part of the flooring. It is supported by columns, between which are 
two arches, the one at A springing from a cantilever extension of the lower beam, 
К, and the other at B, from the same beam, at a distance of 6 ft. from the main 
column. The length of the lower beam is about 51 ft., including the cantilever 
portion, while the clear span between the columns is 41 ft. 3 in. The depth at 
the centre is 5 ft. 6 in., and the disposition of the reinforcement is shown in the 
illustration. 

One of the arches mentioned above is shown in Fig. 5, these having a clear 
span of 60 ft. and a rise of 32 ft., which carries them 2 ft. 9 in. above the eleventh 
floor, although springing from the beams, K, at the ninth floor level previously 
described. The total load on each arch is 1,480 tons, made up by the six con- 
centrated loads as shown, and the thickness of the concrete is 1 ft. gin. As 
these arches are carried by the beams, K, the total load on each of the latter is 
1,480 tons, plus an additional distributed load of тоо tons due to the ninth floor 
and its own dead weight, giving a total load of 1,580 tons. Another example 
of the arched type of beam is that shown in Fig. 7, which is a photograph showing 
the reinforcement in position previous to concreting. This beam carries concen- 
trated loads to the total amount of 290 tons over a span of 42 ft. at the eighth 
floor level in one of the corner towers. Ап interesting example of concrete 
construction is that afforded by the arched members, carrying the glass roof over 
the central light areas at the first floor level, as shown in Fig. 4, which is a photo- 
graphic view of the completed work. These arched ribs span 58 ft., and yet are 
of slender proportions and admirably adapted to their purpose. 

The floor construction is of interest, as it will be readily understood that in a 
building of this size an efficient construction is necessary, which at the same 
time is as light as possible in order to reduce the dead load to be carried. The 
system adopted was the Hennebique hollow type, which consists of fireclay or 
concrete hollow tubes, usually measuring about 20 in. wide by 24 іп. long by 
7 in. high. These tubes are laid in parallel longitudinal rows between secondary 
reinforced beams, the latter being moulded in position between the tubes, which 
are temporarily supported on planks carried at each end by the main beams. 
This system has the advantage that elaborate centering is obviated, as the sides 
of the tubes form the shuttering for the vertical portion of the secondary beams. 
The top of the tubes are curved slightly, and a minimum covering of I} in. of 
concrete was employed, thus forming a floor construction 84 in. thick. 

The sides of the tubes are also slightly inclined outwards, the width at the 
bottom being less than at the top, this method preventing any tendency for the 
tube to drop out on the underside of the floor. These tubes also have the 
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advantage that they can, if necessary, be made on the site, and thus "any delay 
can be obviated which sometimes occurs with specially manufactured goods. 

The walls throughout are formed with granite, which, generally speaking, 
had a thickness of 14 in., and this is carried by the skeleton construction at each 
floor level. This method rendered it possible to erect the masonry at several 
different levels simultaneously, as illustrated in Fig. 1, which is a photographic 
view taken when the skeleton construction was nearly complete. 

The domes to the towers are formed in reinforced concrete and covered 
with sheet copper, while the clock dials in the west main tower required four 
circular openings, and some idea of the size of these can be gathered when it is 
mentioned that the clock face is slightly larger than that in the Clock Tower of 
the Houses of Parliament. 

The building is equipped with no less than eighteen lifts, and in consequence 
all the staircases were kept down to the smallest possible size, and considered to 
be of secondary importance. They are, however, all formed in reinforced concrete, 
those in the upper part of every tower being of the spiral form. The contractors 
for the work were Messrs. Edmund Nuttall & Co., of Manchester. 


Fig. 7. Arched Beam, showing reinforcement in position previous to concreting. 
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By MAURICE ВЕНАН, 


Civil Engineer of the Ecole Nationale des Ponts et Chaussées de France. 


The following article on Formula for the Verification of Schemes in Reinforced Concieíie 
will be of interest to all those getting out calculations for work in that material. —ED. 


Works in reinforced concrete may be divided into two distinct classes. One 
belongs to the domain of engineering, and includes public works in general, such 
as bridges, jetties, etc.; the other, which includes buildings, belongs to the domain 
of architecture. 

For works included in the first-mentioned class, the reinforced concrete 
specialist engineer is often consulted directly by the owners. 

In the second case the specialist is usually working under an architect 
appointed by the owners, who has a general control of the work. 

It is therefore a matter of great importance to all parties concerned that 
architects should possess sufficient elements of control to enable them to judge 
the merits of the schemes which are submitted to their approval. 

It is for this purpose that we publish the following formule, which are a 
simple application of the usual rules of the strength of materials. 

FUNDAMENTAL FORMULAE. 

We know that if M is the bending moment in in. lb. in a transverse section 
of a beam, y, the distance of the neutral axis to the extreme compressed fibre, 
and y' the distance of the neutral axis to the extreme fibre working in tension, 
the rates of work in compression, c, and in tension, £, in the section to be con- 
sidered, will be given by the formule : 


(1) e == y 1y 
My 

2 t = is 

(2) i 


I being the moment of inertia of the section calculated with all the dimensions of 
the latter in inches. 

The formulæ (1) and (2) are only applicable to homogeneous bodies working 
in flection, and having a plane of symmetry in the longitudinal direction of the 
body, the external forces being considered as contained within this plane of 
symmetry and normal to the neutral axis of the body. 

The bodies in reinforced concrete which we have under consideration in this 
note fulfil these conditions, except the condition of homogeneousness of the 
matter. 
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In order that we should be able to apply to these bodies the general formule 
(1) and (2), we will admit, in conformity with the rules of the R.I.B.A , that the 
heterogeneous mass of concrete and steel is composed, in any transverse section, 
of concrete situated on one part of the neutral axis and working in compression, 
and of another element situated on the other side of the neutral axis, and com- 
posed of coacrete and steel working to extension. In this latter portion, how- 
ever, we will not take into consideration the work of the concrete, because the 
later material cannot properly be considered as working to extension. 

Concerning the steel, we shall replace the section, 4, of the latter by a 
section, m A, of concrete having the same centre of gravitv as the section A, 
of steel. 

The co-efficient of amplification, m, which theoretically is equal to the ratio 
of the co-efficients of elasticitv of the steel to that of the concrete, shall be taken 
equal to 15. 

It will be seen that by adopting this assumption the heterogeneous body of 
concrete and steel may be coasidered as a homogeneous concrete body, to which 
we may apply the formule (1) and (2). 

SLABS IN REINFORCED CONCRETE. 

Let us consider a slab in reinforced concrete with a width of 12 in. and a 
span I in. 

Let B, C, D, E һе а transverse section of this width, e, the thickness of the 
slab, d, the theoretical height— namely, the distance between the axis of the steel 
bars and the extreme fibre of the upper compressed portion, B, C, and let us call 
y the distance from the neutral axis to the face, B, C (Fig. 1). 

The elastic forces of the 
section, B, C, D, E, counter- ша 
acting and equilibrating the |. | 4 
external forces acting on one nw 1222222224. 
of the pieces ot the slab under 

i ——1—-e- —e——e- — -e— 
consideration, between this zii 
section and one of the supports, frg 4 
we may state that the moment 
of the compressed section, B, N, А, C, in relation to the neutral axis, N, A, is equal 
to the moment of the extended section m A,, in relation to this same axis, N, А. 

We have therefore, 


I2y X? = mA (d — y) 


Or (3) Oy?+mA.y = тА, =0 
This equation allows us to determine y when we know А, and d. 
The moment of inertia of the section, В, C, D, E, in relation to the axis, N, A, 
is equal to 


; 3 ,7 
] = {27 + 12у x — E mA, (d — у)? 
I2 4 
or [=y* (1+3)+mA, (d —3)? 
OF (4) [=4y*+mA, (4—y)? 


Knowing J and y, we shall be able to apply the fundamental formule (1) and 
(2), which allows us to see if the thickness of the concrete and the section of the 
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steel provided for in a slab are sufficient for the rates of work, c and /, specified 
for the concrete and for the steel. 
BEAMS IN REINFORCED CONCRETE. 

А beam in reinforced concrete is generally constituted by a slab in concrete, 
B, C, D, E, or, in other words, a portion of the floor which the beam supports, 
and the projection, F, G, H, K, underneath the slab. In the bottom part of this 
projection or beam we have the necessary section of steel to resist the efforts to 
extension produced by the bending moment, and the slab, B, C, D, E, usually 
counteracts the efforts of compression (Fig. 2). 

When the portion, B, C, D, E, of the slab is not sufficient to absorb altogether 
the efforts of compression, we provide in the upper portion of the beam the neces- 
sary section of steel to take up the remaining efforts of compression which are to 
be absorbed. 

Concerning the width of slab, 6, working in compression at the same time as 
the projection or beam, we take, in accordance with the rules of the R.I.B.A., 
three-quarters of the bearing (or distance between the centre of each panel), or 
the one-third of the span of the beam and the smallest of these two numbers. 


H 
Ag 2 
Ist Case. Neutral Axis is situated inside the Slab. 

Let us consider a beam, B, C, D E, F,G, H, K. Let b be the width of the 
slab working in compression with the beam, y, the distance between the neutral 
axis and the extreme face of the slab working in compression. We have supposed 
here that the neutral axis is inside the slab. 

Let A, be the section of the extended bars. We have for the position of the 


neutral axis, 
бух? = тА (4— у) 


b 2 
Or : +тА,у-тАа=0 


(5) by*-c2mA,y—2mA,d-—o 
From this equation we may determine y. 
Concerning the moment of inertia, it is given by the relation, 


Ly ` y "e 2 
1 а (4 y) 


or p^r (1+3) + mA, (d у) 


3 
- +maA,(d—y)? 


or (6) I= 
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476.9 
2nd Case. Neutral Axis is situated below the Siab. 


We will neglect the small rectangle, F, G, L, M, working in compression. 
The neutral axis is given by the relation 


be (y — 2) = mA, (4 — у) 
or bey +m Ary = mA d + 
_ be’ 


J 2(be + m A4) 
The moment of inertia is given by the relation 


(7) у= 2m A ,d + Бе? 


(8) je ux 28g yy 

s ИШ: mA (d -- y) 
We will now apply the various formule which we have established above to 

the dimensions which we have given to the various elements of an application. 

Notice that the above formula are all in conformity with the usual rules of 
the strength of materials. 

We will prove that, at the weakest points of the structure, or, in other words, 
those points supporting the greatest stresses, the rates of work generally specified— 
namely, 600 lb. per sq. in. for the concrete in compression, and 16,000 lb. per 
sq. in. for the steel in tension, have not been exceeded. 

NUMERICAL APPLICATION OF THE FORMULZ/E. 

The floor of the figure 4 is composed of slabs, secondary beams, and principal 
beams, supported by pillars in reinforced concrete. This floor has been calculated 
to support a superload of 2 cwt. per sq. ft. 


SLAB. 
Thickness ... sai bis .. 4} In. 
Span between centre to centre 
of secondary beams ... ... 6ft. 8in. ü 
Superload ... 1d E .. 224 lb. 
Dead load ... Js и .. 56 lb. 
Total per sq. ft. .. 280 1. 


The maximum bending moment to which this slab 
must resist is therefore 


aaron Б. 


= 1038 ft. lbs. 
12 
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A slab has been provided 41 in. thick, reinforced with bars having a section 
of 0:286 sq. in. of steel per ft. run of slab. 
The equation No. 3 of the fundamental formule gives us, for the position 
of the neutral axis, 
бу + тА,у - mA «ll —0 
In the slab with which we are concerned we have 
d= 4," —1I"=3}" 
A,=0'286 
We have, therefore, by substituting the letters for their values 
6у +15 x 0'286y — 15 x 0283x 3°5=0 
Oy’ + 4 29y - 15015 =0 
_ —4'29+ V 429! +24 × 5 
»- MET 
..—429* 1946  ,,.. 
yes = 0 = 1'264 
The formula 4 gives the value of the moment of inertia 
1 = 4у*тА (dy 
or else 1=4x 1268 +15 x 0°286 (35 — 1264) 
[= 2952 
Knowing y and J, the formula No. 1 gives, for the compression of the concrete 
at the most compressed fibre, 
_ Му 
EN 
n which M is the moment in in. lb., and y the distance between the neutral axis 
and the upper face of the slab. 
= TOD X12 X104 _ 5341. 
29'52 
The working stress of the most compressed fibre of the slab is therefore 
below 600 lb. per sq. in., which is the maximum stress usually specified. 
The thickness of 4} in. given to the slab is therefore sufficient. 
The working stress of the steel in tension is given by the formula No. 2 
Му", 
fa E 
I 


с 


and as y' d — у, we have 


. 1038 x 12 x (3:5 - 1204) 
dus > 

The working stress of the steel is therefore 

044 X I5 = 14160 lb. per sq. in. 

The working stress specified for the steel in tension is usually 16,000 lb. per 
sq. in. 

The stress of 944 lb. given directly by formula No. 4 corresponds to a section 
of concrete equal to m.d, introduced in the fundamental formule, in order 
that we might be able to consider the bodv in reinforced concrete as homogeneous ; 
as in reality the section of steel working in tension is A,, and therefore, m, times 
smaller than the one given in the formule, which are applied for the verification ; 
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it is necessary to multiply the result of the formula No. 2 by m, in order to obtain 
the working stress of the steel in tension, and we have assumed that m=15 
SECONDARY BEAMS (a). 


Scantlings ... de 6 in. by II in. 
Free span T, T 15 ft. — I1 in.— I4 ft. I in. 
Slab application ... bs ...  6ft. 8 in. bv 280— 1,867 Ib. 
Dead weight jut T 7 m bos = 69 Ib. 

Total per ft. run = 1,936 lb. 


The maximum bending moment in ше middle of the beam is 


М = 1936 E = 38397 ft. 1b. 


The bars have been provided in tension placed in the lower portion of the 
beam, and having a total section of 2°53 sq. in. 
VERIFICATION. 
The theoretical height of this beam is 
d =11" +4)" - 2)" =13" 
The width of the slab, 6, working in compression with the beam is equal to 
three-fourths of the slab application width between secondary beams. (We have 


therefore 
b —0'75x6' 8" =5' о" = бо") 
Let us suppose that the neutral axis. N, ү is situated within the slab (Ётр 5). 


The equation No. 5 gives us, for the position of this axis, 
by T 2mA,y —2nA wd = O 
Substituting the letters by their values, we have 
600y +2 X 2°53 х I5y 2X I5 X 2355 X 1320 


Or boy? + 75 90y — 08607 =0 

hence 797 09 + 37795 +00 x 9867 
" бо 
у=3 747 


The neutral axis is therefore within the thickness of the slab. 
И we had found for y a higher value than 41 in., the neutral axis would have 
been outside the thickness of the slab. It would then have been necessary to 


calculate y over again, applying the formula No. 7. 
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The moment of inertia of the beam is given by the equation No. 6. 


3 
ре а mAt(d — yY 


or p=" 347 +15 X 2.53(13 — 347) 


I = 835'638 + 3446653 = 4282291 
The application of the formule 1 and 2 gives us now, for the working stress in 
е of the concrete, at the most compressed fibre, 
_ Му _ 38397 X 12x 347 _ 
n 42827291 
and for the steel in tension 


p=M(d =y _ 38397 X 12 x (137 347) _ 10254 
I 4282'291 
The real working stress of the steel in tension per sq. in. is equal to 
I5 X 1025°4=15381 lb. 

The working stresses of 600 Ib. for the concrete and 16,000 lb. for the steel, 
as generally specified, have not therefore been exceeded. 

We have not thought it necessary to apply the formule of verification to the 
beam, b, the method to be followed being the same as for secondary beam, a. 

Although the calculations for the verification of schemes which we have 
given herewith are somewhat lengthy, they have the advantage of being a strictly 
accurate application of the usual rules of the strength of materials, and the 
fundamental formule 1 and 2 are none other than those which are well known 
to all engineers and architects for the calculation of the strength of steel construc- 
tion, or as applied to any other material. 

It is our intention to give, in our next article on this subject, another method 
of verification by calculation more rapid than the one which we have given in 
this article, but less accurate in its results. 

The second method to which we refer is based on the general theory of rein- 
forced concrete given by Mr. N. de Tedesco, civil engineer. 

In our next article we shall complete the study of the verification by giving 
formule to enable architects or engineers to verify that the materials provided 
in reinforced concrete beams are sufficient to resist shearing efforts, adherence, 
and negative bending moments over the points of support. 


374 lb. 
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Ву С. W. GAYLORD and PERCY H. WILSON, Assoc.M.Am.So-.C.E. 
The following article, taken from a pamphlet issued by the Association of American 
Portland Cement Manufacturers, should be of interest to all those carrying out concrete 
work on the farm. —ED. 
Ѕп.05 originated in France, but early in the 'sixties crops were successfully stored in 
Germany. During the last twenty years State Experimental Stations, founded by 
the United States Agricultural Department, have experimented with the use of forage 
stored in this wav, and their great success has caused the building of many thousand 
silos in America. ! 

A silo is the cheapest method of handling the crop, of storing it, and, finally, the 
best method of saving and realising the fullest value of the crop as feed. 

Round silos are the best. The amount of building material required to construct 
a silo of a given capacity is less for a cylindrical shape than for any other form. The 
crop is also best preserved in a round silo, as this form renders packing easy. 

While concrete may be used to advantage in any form of silo, it is peculiarly 
adapted to the construction of a round silo. 

The silo must be air-tight. The air, which is necessarilv confined in packing, 
causes the silage to ferment, but, if no additional air gets in, the silage keeps perfectly. 
If the air does get in, the silage moulds and the cattle will not eat it 

No building material can be made as air-tight as concrete. Builders of other 
kinds of silos recognise this fact, and recommend a coating of cement on the inside 
““ to kcep the silo air-tight." Most silos are used for about six months, during the 
winter, and the remainder of the vear are empty. Wooden silos are like wooden tanks 
or buckets. When allowed to stand emptv, they shrink, the joints open, and they 
leak ; the air-tight silo, tank, or bucket becoming a sieve. Coating on the inside with 
cement prevents this for about one year, when the shrinking is repeated, and this time 
the cement lining cracks and again the silo becomes a sieve. In order to keep it air- 
tight in this way, the cement coating has to be replaced every year. 

A concrete silo, properly built, is air-tight. It does not shrink in the hot, dry 
weather. It does not swell up in damp weather. 

The moisture going in with the silage should be kept in. This keeps the silage 
from “ dry firing.’’ A concrete silo is not only air-tight, but water-tight. 

Silage settles after being packed, and even the slightest roughness is liable to 
catch the corn-stalks and prevent their settling evenly. The silage around the air- 
spaces formed in this way becomes mouldy and must be thrown away. 

Concrete silos, when built with planed boards for inside wooden mould, are smooth, 
and while it is well to place a wash upon the inside, this never has to be replaced. 


THE ADVANTAGES OF CONCRETE SILOS. 
The acids formed by the slight fermentation in the silage, caused by the air left 
between the corn-stalks in packing, rot out wood and cat away metal silos, but these 
acids have no effect on concrete. 
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Every farmer knows the annoyance and danger to be experienced from rats. 
Nothing built of wood is rat-proof, and a wooden silo makes a fine nesting-place. 
A silo built entirely of concrete is absolutely vermin-proof. 

A concrete silo is fireproof; and as concrete is one of the best known non-con- 
ductors of heat and cold, the food stored in it does not get injured or destroyed. 

The silo shown in Fig. 1 is 16 ft. in diameter and 32 ft. high. The walls are 8 in. 
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Fic. 1. ONE-PIECE CONCRETE SILO. 


thick for the first 16 ft. of height, with an offset on the outside of 2 1n. at this point, 
making the thickness ot the wall above 6 in. The reinforcement in the walls consists 
of barbed fence-wire placed every 18 in. The depth of the foundation is 3 ft. 6 in. 
The roof is also of concrete. The silo has been in use for six years, and is as good 
to-day as when it was built, and has not cost anything in repairs. 

A concrete silo cannot be blown over, and if properly constructed, will last for 
ever. It cannot spring a leak due to expansion and contraction. Хо complicated 
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rods are necessary to pull the sides together in summer when thev drv out, or to allow 
for swelling when the silo is filled in the fall. 


DIFFERENT KINDS OF CONCRETE SILOS. 

Three kinds of concrete silos have been in successful use for several years. These 
are known as Monolithic (or solid walls) Concrete Silos, the Hollow Wall Monolithic 
Concrete Silos, and Concrete Block Silos ; all three are good, and in choosing between 
them, the cost, which is fixed by local conditions, should be the deciding feature, unless 
the location of the farm is so far north that the extreme cold in winter makes a hollow 
monolithic wall or hollow block wall silo preferable, to prevent the freezing of the silage. 


Fic. 2. DOUBLE Sorp WALL CONCRETE SILOS. 


SELECTING THE SIZE. 
The diameter, inside measurement, of a silo should never be more than one-halt 
the height, and in practice it is not found advisable to make it over 20 ft. 
Fig. 2 shows the two concrete silos in Kennett Square, Penna. They are 
I5 ft. 6 in. and 17 ft. inside diameter respectively. They аге 4o ft. high, and extend 
20 ft. below the ground-level. The walls vary in thickness from Io in. at base to 
7 in. at top. 


CONSTRUCTION OF VARIOUS FORMS OF CONCRETE SILOS. 

First decide the kind of concrete silo best adapted to the locality where it is 
to be built. Cost usually decides the class of concrete silo, except where extreme cold 
weather makes a hollow wall necessary. 

All concrete silos preserve silage equally well. The effect of freezing silage should 
be considered in the Northwest, and the form of construction best adapted to prevent 
it is known as a hollow wall silo. 
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The solid wall concrete silo is cheap, easily built, and fulfils all the requirements 
of a perfect silo, and was first built with very thick walls, and without steel reinforce- 
ment. By using steel reinforcement,* a greater strength can be obtained with a much 
thinner wall. This saves in the quantity of concrete used, and also in the cost of 
material and labour. 

For solid wall concrete silos, therefore, thin reinforced walls, rather than thick 
walls without reinforcement, are recommended. 

The hollow wall monolithic concrete silo is constructed much the same as the 
solid wall, except that two walls are built instead of one, with a hollow air-space of 
about 4 in. between them. The inner wall is reinforced in the same way as in a single 
solid wall silo. The only reason for the outer wall 15 to form the air-space between 
the walls. This keeps the silage from freezing. 

The cost of the hollow wall silo is about one-fourth greater than the solid wall silo. 
Except to prevent freezing, it has no advantage over thc single solid wall silo. With 
both types of silos, any kind of doors, roof, chute, etc., desired may be constructed 
with equal ease. 

The cement block or concrete block silo is built of circular, hollow blocks, laid in 
cement mortar, and reinforced with steel hoops, which fit in between every second or 
third course according to the size and depth of silo and size of hoop. When finished, 
the silo is usually painted both inside and outside with a cement mortar to insure 
air-tightness. The block silo, like the hollow wall silo, has a dead air-space in the 
walls which tends to prevent freezing, although the block wall is not quite as effective 
in this respect as the hollow wall, since the air-space is not continuous. The principal 
advantage of the concrete block silo lies in the ease with which it can be constructed. 
It requires less labour than cither of the other types, after the blocks have been made. 


LOCATION OF SILO. 
In selecting a proper location for a silo the following conditions must be met : 
(I) The silo must be convenient for feeding ; (2) inust be located on solid ground ; (3) 
no odours from the silage should enter the barn. 


HOW TO BUILD A SOLID WALL REINFORCED CONCRETE SILO. 

A silo, то ft. inside diameter and 25 ft. high—this being a silo of average size—-is 
taken as an example. 

Certain parts of all three kinds of silos are the same, and the building of these 
parts will be described once, under solid wall concrete silos. 

Since the silo and its contents are very heavy, it must be built on solid ground, 
and the bottom of the foundation must go below the frost-line. 

It is assumed that a depth of 5 ft. below the ground-level will be sufficient in all 
parts of the country. This depth will prevent any possibility of the silo being blown 
down, and usually furnishes good hard ground for the foundations to rest on. 

Fig. 3 is a section of the excavation, showing how the hole in the ground would 
look if it could be cut exactly in half and could be seen from one side. This hole is 
dug larger at the top than at the bottom, to prevent the sides from caving in while the 
concrete is being placed. In the drawing, the distance from point О to A is the length 
of the string by means of which the size of the top of the hole is marked. This dis- 
tance is made longer bv 2 ft. than the radius or length of string that is used to measure 
the outside circle of the foundation footings. These different lengths give a slope to 
the side of the excavation sufficient in all materials, except verv fine sandv soil, to 
prevent the dirt falling into the hole after the excavation is completed. 


* } to kin. bars, Expanded Metal, wire mesh embedded in the concrete. 
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Excavation.—Having selected the site for the silo, the size of the hole for the 
foundation must be marked on the ground. 
Referring to Fig. 3: 
I. Drive a stake in the ground at O, as near the centre of the site selected as 
possible. Place a nail in the top, and with a string tied to the nail mark off a circle. 
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2. For the length of string, look in Table A (page 749) for the distance O-A, 
opposite the diameter of the silo you wish to build. In the case of a 10-ft. silo, this 
distance is 8 ft. 3 in. 

3. Dig a hole 4 ft. deep, sloping the sides towards the centre. 

4. Drive a stake in the bottom of this hole, at the point marked X. This should 
be as near the centre of the hole as possible. With a string attached to a nail in the 
top of this stake, mark off a circle. The length of string to be used is equal to X-B, 
and is found in Table A to be 6 ft. 3 in. for a 10-ft. silo. This circle will mark the 
outside limit of the concrete foundation of the silo. 

5. Using the same stake, mark off another circle smaller than the one marked 
under 4. The length of the string to be used for this circle will be found in Table C 
under column X-E. For a 1o-ft. silo this length will be 4 ft. 3 in. This is the inside 
diameter of the footing. 

6. Dig out the earth between these two circles to a depth equal to the distance 
B-C, or 1 ft. for firm ground and 1 ft. 6 in. for medium ground. 
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Ес 4. SECTION or FRAMEWORK OF CIRCULAR FORMS. 


7. Dig out the earth in the inside of the trench, as described in 3, to a depth of 
4 in. 
8. Fill in the trench to a depth of 1 ft. and the centre of the excavation to a 
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depth -of 4 in. with a I : 3 : 6 mixture of concrete of medium wetness. This will 
make the top of the concrete in the trench and in the centre the same level. The 
concrete should be thoroughly tamped, and the centre smoothed ой. 
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Fic 5. ARRANGEMENT OF ADJUSTING BOLTs. 


Piece for inside ctrcular form 


Piece for ouf side circular form 


Fic. 6. METHOD or MAKING PIECES TO BE CU1 FOR CIRCULAR FORMS. 
This completes the excavating for and placing of the footings. 


Table A shows the width and depth of the foundation necessary for firm and 
medium ground. 
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TABLE A. 
Dia- | Length of Lines. 
meter | ———————— —————————————————————— 
of Silo For Hard or Firm Ground. | For Medium Ground. 
| ——roá -"——— ————À——— ج ا‎ ЗЭЕЗУСУЗРЕНЕЦЕРНЫРР 
Feb был. | =p | XR | йй! pee ба xe” КЕЕ ЕБ Вс 
D dE. M. ft. in ft. in. ft. ft. f.i, feins Ч.ш. | -fti C fd 
19 8.3 6 3 4 3 2 I 8 9 6 9 P MEE UME A. 
II 3 9 6 9 4 9 2 1 9 3 rs 4 3 3. 1X 5 
уз | Ж xx19313 2 I ES FF Bo BR MES 
IONE 7-9 5 9 2 I 10 3 8 3 $.-8 $ E 
1¢ fo. 3 B. 5. 3 2 I IO 9 8 9 5 9 $- T xo 
15 IO 9 8 9 6 9 2 I її 3 9 3 6 3 $ WY-*t-5 
16 LE. 9 3 7 3 2 1 II 9 9 9 6 9 3- | 1.9 
17 II 9 | 9 9 7 9 2 I 12 3 | 10 3 2 4 3 I 6 
18 I2 3 IO 3 B. c3 2 I t2 4) IO 9 9 ^0 A W ee 
to | 22 9 10 9 8 9 2 I i9 $ 13 3 9 3 3 I ›; 
20 S E EE X 2 I 13 9. LIF 9 died Ner abu 
Nofe.—In a stiff firm clay O-A can be made 1 ft. shorter than shown. 
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Fic. 7. ARRANGEMENT OF CIRCULAR FORMS AND SCAFFOLDING. 


Cautions.—Be sure the earth under the footing is very dry and is as firm as 
possible. Do not remove the last 2 or 3 in. in the trench until just before the concrete 
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is mixed. It rain interferes, always remove the softened soil and pump or bail out 
all water before placing the concrete. 

If ground-water runs into the trench, tamp 2 or 3 in. of gravel pebbles (free from 
sand) in the soil before placing the concrete. 


Loop tehold vertical 


J2 X8 Braces 


7X6 Bracing 


This excavation and concreting сап be done in sucha’ short time that, except in 
extreme cases, no trouble should come from rain. If, however, this should happen, 
slope the concrete floor slightly toward the middle, and make a hole in the middle 
of the floor into which the water 
will drain, and from which it 
CIEE ay tee, can be easily pumped or bailed 
our 
Ц The foundation and floor аге 
+ u 3 ; now complete and have been 
ni etos: 2 (I9 4 p | made without the use of forms. 
\ Ym | ome er 1 3 If the ground is so soft that 
aay zer. M 9 zT ША the trench cannot be dug with 
: E ! ! straight sides, a few stakes and 
7 boards can be placed around the 
edges of the trench to hold up 
the sides while the concrete is 
being placed. Be sure the 
trench is as wide as the width 
given in Table A. 

If good ground cannot be 
found upon which to build the 
silo, the foundations should be 
strengthened by using the same 
kind of steel or wire used in the 

walls. This reinforcement should 
be placed after the first 3 or 4 in. 
of concrete has been deposited 
and while the concrete is fresh. 
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— p re ا‎ — After spreading this thin layer 
3 je — to a fairly smooth surface, lay 
- the steel reinforcement on it. 


The reinforcement should be 
7" formed into rings or circles of 
varying sizes. The largest ring 
should be placed first and should 
come within about 3 in. of the 
outside edge of the concrete. Then another ring should be placed 6 in. inside of this 
first one, and then another 6 in. inside of the second, and so on until the entire sur- 
face of the footing has been covered. Short pieces of barbed wire cut just long 
enough to fit across the footing should then be placed over the rings. Spread thc 
pieces of barbed wire out in a fan-like manner so that they are about 12 in. apart at 
the outside edge of footing. A footing reinforced in this way will settle evenly in 
soft ground without cracking the walls of the silo. 

With the foundation and floor in place, the circular walls of the silo can be started 
at once. There are five operations in the constructing of the walls : 

I. The forms must be built and set, ready for the concrete. 


Fic. 8. SECTION or SILO DURING CONSTRUCTION, 
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2. The reinforcement placed. 

3. The concrete mixed, and placed in the forms around the reinforcement. 

4. The forms removed, hoisted, and reset, ready for the next section of concrete. 

5. Openings formed in walls for doors, placing of anchor-bolts for roof and chute, 
and other details. 

The several operations will be explained in the order given, except item No. 2, 
which will be taken up separately under “ Reinforcement,” and item No. 5, which will 
be explained under the various headings. 

(1) Waii Forms.—The wall forms are circular in shape, one inside the other, 
the concrete being;placed between them and thus forming the required wall. These 
forms are kept 6 in. apart, so that the silo walls will be 6 in. thick when completed. 
The forms are 3 ft. high, so that 3 ft. of the silo can be built at one time, without 
shifting forms. After the first 3 ft. of concrete is in place, the forms are loosened 
by means of the adjusting bolts shown in Fig. 4 (also details in Fig. 5), raised by the 
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Fic. 9. METHOD OF SPLICING Posrs. 
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levers and again set in place by the adjusting bolts. This operation is repeated until 
the silo walls are built. 

Both the inside and outside forms consist of pieces of 2 in. by 6 in. planks, cut 
circular. 

Fig. 6 illustrates an easy method of marking the 2 in. by 6 in. pieces so as to 
Saw them correctly. Take any level place in the house or barn and drive a wire nail 
in the floor. With a string attached to the nail, mark off a small length of a circle 
with a piece of chalk attached to the other end of the string, making the length of 
String 5 ft. for a 10-ft. silo. This mark gives the curve of the inside face of the form. 
From Table B we find the length of the 2 in. by 6 in. piece for an inside form for a 
IO-ft. silo is 3 ft. 2 in., and twenty of these 2 in. by біп. by 3 ft. 2 in. pieces are 
needed. Lay one piece of 2 in. by 6 in. by 3 ft. 2 in. on the curve described above 
and as shown in the upper half of Fig. 6. 

Adjust the piece until the chalk line just comes to the outside edge and cuts both 
ends at an equal distance from the outside edge. Holding the 2 in. by 6 in. firmly, 
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mark off the arc of the circle on it. By holding the string tight mark the cut for the 
two ends at the points where the curve leaves the 2 in. by 6 in. Use a good strong 
string, or, better, a light wire, so that it will not stretch. When this piece of 2 in. by 
6 in. is cut along the marked lines it will be a templet for the rest. After cutting 
five or six pieces lay them out on the circle and see how they fit the curve, making апу 
slight corrections necessary. 

The templet piece for the outside form is made in exactly the same way, except 
that the length of the string is increased. A slightly longer piece of, 2 in. by 6 in. is 
necessary, as shown in Table B, and thc circular cut is taken out of the inside instead 
of the outside of the board. (See lower half of Fig. 6.) 

ex em 


a-fooling For 
Firm Soil 


Fic. 10. VERTICAL SECTION oF SILO, SHOWING SPACING OF Doors. 


These planks are held together by 1 in. by 4 in. cleats. There аге four complete 
circles of these 2 in. by 6 in. pieces, one at the top and one at the bottom7of each 
form. The circles are held apart by 1 in. by 4 in. studding placed with‘ their edges 
flush with the circular side of the 2 in. by 6 in. pieces, two studs to each piece of 2 in. 
by 6 in. plank. This framework is further braced by 1 in. by з in. diagonal braces— 
a pair of diagonal braces being used for each section of the circle. А І in. by 3 in. 
strip is sprung around the middle of the frame, the 1 in. by 4 in. studs being sawed 
out I in. to receive it on the edge toward the concrete. This makes the circular 
2 іп. by 6 in. pieces, the т in. by 4 in. studs, and the 1 in. by 3 in. strip all flush 
on the face of the form toward the concrete. Оп this circular surface is nailed the 
sheet steel (No. 24 gauge) which is the real form that holds the concrete. (See Fig. 4 
for details.) 
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TABLE B. 
| Inside Form. Outside Form. Number Number 
Dia- of of 
meter E a aa i S TT TTT Circular | Circular 
of Radius Length | Number Radius Length Number , Pieces Pieces 
Silo of of * Pieces of | of Pieces | between to 
m Circle. 2bv 6 Neces- Circle. 2bv 6 Neces- Opening Make 
Feet Pieces. sarv. Pieces. | sary. and Section 
° Hinge. A. 
ft. in. ft. in. ft. in. ft. in. 
IO 5 о 3 2 20 5 6 3 9 20 3 I4 
II 5 6 "3 6 20 5 o 4 3 20 ! 3 I4 
I2 6 o 3 2 24 6 6 3 IO 21 | 4 16 
I3 6 6 3 6 24 7 о 4 I 24 4 16 
I4 7 о '3 9 2 7 6 4 4 24 4 16 
15 7 6 3 5 28 8 о 4 0 28 4 20 
16 8 o 13 R 28 8 6 4 3 | 28 4 20 
17 8 6 3 II 23 9 0 4 6 28 4 20 
18 9 о 4 I 28 9 6 4 8 | 28 4 | 20 
IQ 9 6 4 4 28 10 о 4 II 28 4 20 
20 | 10 о 4 7 | 28 | 10 6 5 2 | 28 4 20 
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FRONT VIEW 


Fic. 11. Siro Door. 


Both inside and outside forms have screw-bolt devices for separating and pulling 
together the forms. Each has two sets of hinges to allow the forms to be separated 
or, pulled together. These hinges, with the space for operating the adjusting bolts, 
divide the forms into three sections, lettered A, B and C in Fig. 7. 

Fig. 7 is a view of the silo forms and scaffolding as it would look to a person 
above the silo looking down. 

Fig. 8 is a section of the silo under construction taken straight across the silo. 

These two figures show exactly how the forms are constructed and operated. 
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Refer first to Fig. 7. As soon as the 20 circular pieces for both the inner and outer 
forms are made, as described under Fig. 6, fit section A around the circle on the level 
floor and nail on the cleats. 

By referring to the last column in Table B, you can find the number of 2 in. by 6 in. 
pieces necessary to make this section. 

Next, fit together the number of pieces necessary to make the two sections 
between the opening and the hinges, and marked B and C in Fig. 7. The next to the 
last column in Table B gives the number of pieces for each of these sections. 

With the end of sections B and C about 1 in. from the ends of section A, to allow 
for the play of the hinges, it will be found that the 2 in. by 6 in. pieces will overlap 
at the opening. Where this overlap comes, the ends of sections B and C should each 
be cut back to make an opening of 12 in. The adjusting bolts are placed in this 
opening. 

While the 2 in. by 6 in. circles are lying on the smooth floor, the holes for the 
hinges should be bored. These hinges consist of two 4-іп. iron plates placed on both 
sides of the 2 in. by 6 in. pieces. They are fastened to the ends of sections B and C 
with two I-in. bolts, and to the ends of section A with one I-in. bolt. This bolt 
is not placed until the forms are in position, and is not drawn tight. This allows for 
the hinge action. (See Fig. 8.) 

Next finish the three sections (A, B and C) separately, placing first the 1 in. by 4 in. 
studs, then the 1 in. by 3 in. cross-braces, and last the 1 in. by 3 in. strip. This strip 
can stop at the last stud next to the hinges. 

Sheet Steel.—Nail on the No. 24 gauge sheet steel. Always have a stud at the 
vertical seam of the sheet steel, and if a horizontal scam is necessary, move the 
I in. by 3 in. strip up or down opposite the seam. Also at both the hinges let one 
side overlap the other about 2 in. Take care, however, that this extra lapping piece 
does not interfere with the free operation of the hinges. If the hinges are arranged 
as shown in Fig. 7, the overlapping piece at each hinge should be attached to section А. 
There should also be 14 in. of overlap at the opening in both the inside and outside 
forms, so that the full width of the top piece is next to the concrete. If there is any 
overlapping along horizontal seams, the top piece of sheet metal should alwavs overlap 
the bottom piece. 

The face of the. shect metal form should be painted with a thin coat of black or 
cylinder oil, and repainted whenever necessary to keep the concrete from sticking 
to it. 


(То be continued.) 


SOME EXAMPLES OF REIN- 


FORCED CONCRETE WORK 
IN SOUTH AFRICA. 


It is very interesting to observe the headway that reinforced concrete is making in our 
South African Colonies, and we hope at a later date to describe further important structures 
that have recently been carried out in that material.—ED. 


GOVERNMENT HOUSE, SALISBURY, RHODESIA. 


THE building described in this article was erected in the remarkably short space 
of four months. It was built in connection with the opening of the first Union: 
Parliament of South Africa, a tour of Rhodesia being included in the programme 
for that occasion, and it was decided to erect a house for the accommodation of 
the Royal visitors, which would subsequently act as a Government House. 
The time available was very short, but the building was quite completed within 
the four months available. 

After consideration it was decided to use reinforced concrete as the most 
suitable method of construction for the country, and also owing to the rapidity 
to be obtained thereby. 


View in course of construction. 
GOVERNMENT House, SALISBURY, RHODESIA. 
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The building is a single-storey structure r40 ft. long by 125 ft. ; there is a 
detached kitchen block, roo ft. long by about 30 ft. wide. The entire building 
forms a square, and is surrounded by a wide verandah. 

The building is framed in steel stanchions which are founded on a concrete 
raft. The roofs, walls, partitions, and columns are all reinforced with “ Hy-rib,”’ 
and the floors are of granolithic concrete. 

The walls are 3 in. thick, including inside and outside finishing ; internal 
partitions are 2 in. thick. The roof slab is 3 in. thick, the flats being 3 in. 

The outside walls run from floor to ceiling over columns ; these outside walls 
and the internal partitions are 14 ft. high. 

The architects for this work were Messrs. Detmar, Blow & Billery, of London. 
The Trussed Concrete Steel Co., Ltd., makers of the “ Hy-rib " reinforcement, 
were entrusted with the details of the design, and the contractors were Messrs. 
Wm. Cubitt & Co. 


REINFORCED CONCRETE SERVICE RESERVOIR, CAPE TOWN. 


This service reservoir is situated at Kloof Nek, a pass between Table 
Mountain and Lion's Head, at a height of about 9oo ft. above sea level, 


View showing Reinforced Concrete Supports for Roof. 


REINFORCED CONCRETE SERVICE RESERVOIR, CAPE Town. 


which is the highest point in the celebrated circular tram ride round Lion’s 
Head. Looking from the reservoir roof in a  north-easterly direction, a 
magnificent view of Cape Town and Table Bay, with ranges of mountains 
far away beyond, can be seen; whilst to the north-west is seen the beautiful 


marine suburb of Camp's Вау, lying at the feet of the ‘‘ Twelve Apostles ” 
mountains, 
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The reservoir is circular in plan, with an inside diameter of 162 ft. The 
height to top water level is 24 ft., and, when full, is capable of holding 3,000,000 
gals. of water. Its roof is supported by ninety-six reinforced concrete rect- 
angular columns of cross sections varying from 1 ft. 6 in. bv 1 ft. 6 in. to 2 ft. 6 in. 
by 1 ft.6in. The reinforcement of these columns consists of $-in. diameter mild 
steel rods at each angle, in single lengths, bent outwards into the concrete base, 
and also into the haunches of the segmental roof arches. The rods were spirallv 
wound with }-1п. diameter mild steel wire, with a pitch of о in. The columns in 
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Roof arching. 
REINFORCED CONCRETE SERVICE RESERVOIR, CAPE TOWN. 


plan form five concentric circles, 15 ft. apart, on which are built the semi-circular 
arched walls, levelled on top for receiving the reinforced concrete roof. 

The roof is formed of reinforced concrete, segmental arches springing radially 
from a central dome to the concentric walls in series, the outer arch merging into 
the main wall ot the reservoir. The reinforcement consists of Expanded mild 
Steel of 3-in. mesh, with }-in. by ,',-in. strands, laid with a minimum lap of 6 in. 
The Expanded Metal is laidias near the-intrados of the arches as possible, but 
particular care wasjtaken that the steel was completely clothed by the fine concrete 
at every point. A further laver of Expanded Metal was laid near the extrados 
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of the haunches of these segmental arches, and turned in to meet the Expanded 
Metal'at the intrados. 

The rise of the arches is 2 ft., and the minimum thickness 6 in., whilst the 
thickness at the springing is 9 in. 

The major portion of the concrete used in the work was composed of 4 parts 
broken granite, screened to pass through a rj-in. mesh sieve, 2 parts sand, and 
1 of cement. For the segmental roof arches the stone was broken to pass through 
a I-in. mesh sieve. 

The stone was obtained from the Cape Town Council's own quarry, which is 
about a third of a mile from the site of the reservoir. 


Roof in course of construction. 
REINFORCED CONCRETE SERVICE RESERVOIR, CAPE Town. 


The sand used was of excellent quality, and was obtained from the Cape 
Flats sand dunes, which have been formed in the past by winds blowing from the 
coasts of both the Indian and Atlantic Oceans across this flat stretch of country. 
These sand dunes have, of course, been well washed by rain water, and are quite 
free from any saline matter. The sand, when mixed with cement in the ratio 
of 2 to 1, and tested in the usual briquette form, gave results practically equal 
to those obtained with Leighton Buzzard standard sand. 

All the cement used on the works had to conform in every particular to the 
British Standard Specification for Portland cement. Each consignment was 
tested in England, and certified before being dispatched, and again tested in 
Cape Town before being used on the works. All cement was aerated in a specially 
constructed building with a series of movable floors before being used. 


REINFORCED CONCRETE IN SOUTH AFRICA. CONCRETE: 


Owing to the climatic conditions obtaining in that part of the world, it was 
deemed essential that every precaution should be taken to keep the new work 
moist and of even temperature. This was done by covering up all new work 
where exposed with sacking, which was kept wet until the concrete had well set. 


All the concrete was made in an approved rotary mixer, and conveyed bv 
means of trucks on light rails to the position where concrete was being laid. 

The concrete was mixed to such a consistency so that when well punned all 
interstices in the stones were well filled with mortar, and blocks of concrete cut 
out of the finished work pointed to the homogeneity of the mass. 

At the vertical joints, besides the usual V-shaped bond, two r-in. diameter 
mild steel rods, 4 ft. in length, were inserted in the concrete 2 ft. on either side 
of the joint. 

In both vertical and horizontal jointing the surface of the finished work was 
picked and washed perfectly clean, and then coated with cement mortar, mixed 
in the ratio of 2 to 1, before the new work was added. 

The whole of the inside of reservoir to a height above water level, and also 
the extrados of roof arches, was rendered in cement mortar of 2 to I proportion, 
with a thin skimming of neat cement to form a hard and impervious surface. 
The surface of the concrete was pick-roughed, and thoroughly cleaned before the 
cement mortar was applied. 

Agricultural drain pipes laid in the valleys of the roof arches carrv the surface 
water to cast-iron down pipes passing through the roof and connected to the 
scour pipe. 

The roof of the reservoir is covered with earth to a minimum thickness of 
I5 in., and planted with rough grass. The spoil heaps and places disturbed by the 
works have been planted with trees and shrubs to preserve the landscape appear- 
ance as much as possible. 

On {һе mountain slopes above the reservoir a great deal of erosion has 
taken place. To prevent storm-water doing any damage to the reservoir, a 
concrete intercepting channel was constructed, and the water diverted from the 
direction of the reservoir by a reinforced concrete egg-shaped culvert 3 ft. о in. 
by 2 ft., and 2 in. in thickness. 

When tested, the reservoir was found to be perfectly watertight, and no sign 
whatever of any leakage was then, or has since been, observed. 

The work was commenced in May, 1906, and completed in May, 1908. 

All concrete work was suspended during inclement weather. 

lhe work was carried out by the Engineering Staff of the Cape Town City 
Council, and Messrs. Murray & Stewart, of Cape Town, were the contractors. 

ADDERLEY STREET PIER, CAPE TOWN. 

The intense commercial growth which took place in Cape Town some years 
ago, and the pressing need of important works of public utility led to the neglect 
of iesthetic considerations, especially along the sea front. А general desire, 
liowever, soon made itself felt to develop the natural advantages of one of tlie 
most beautiful bays in the world, and the construction of a promenade pier 
worthy of Cape Town, and other improvements were decided upon. 

Sums amounting to £70,000 have been set aside for the purpose, and the 
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REINFORCED CONCRETE IN SOUTH AFRICA. 


design of the pier was approved, and its commencement authorised early in 
IQII. The work is being carried out departmentally by the Corporation of the 
City of Cape Town. 

The pier is illustrated in elevation and plan in the first two figures of the 
drawing, and the following particulars will explain its general features : 

It lies in the prolongation of Adderley Street, and its total length will be 
1,400 ft., 800 ft. of which will be built on piles, the rest being formed by the 
present rubble mound jetty, which is to be raised and widened. The width of 
the pier is to be 45 ft., which is to be increased to 65 ft. at the bandstand and at 
the head of the pier. 

Reinforced concrete has been adopted for the whole of the work, including 
the retaining walls, the bandstand, and the other erections on the pier. 

The pier is to be supported on about 200 piles, each 14 in. square, with 
chamfered edges, and from 36 ft. to 44 ft. long. These are each reinforced bv 
four vertical or longitudinal steel bars and transverse windings, and weigh from 
3 tons to 4 tons each. They are arranged in groups of four, about 13 ft. by ro ft., 
and connected together by strong horizontal bracing at high-water level ; all the 
usual diagonal bracing being omitted for the sake of appearance, and the rein- 
forcement of the piles and the horizontal bracing adequately increased to com- 
pensate for this. The spaces between the groups of piles are about 27 ft. in 
length, and crosswise about 18 ft., and they are free from obstruction of anv 
kind, so that boats can pass from one side of the pier to the other, and even up 
the middle of the pier between the piles. A better result could not be obtained 
even with cylinders, in spite of their prohibitive cost. At the landing stage end 
the piles are arranged to be closer together to enable it to withstand the bumping 
of comparatively large vessels, and also to carry a bathing platform and landing 
steps. Each pile is provided at its end with a strong iron or steel shoe, and thev 
are driven after the manner of an ordinary timber pile by means of an electrical 
pile-driver mounted on an improved and simplified form of Piercy loco- 
motive stage substantially similar to those used with such excellent results at 
Peterhead in Scotland, Whitby in Yorkshire, and by the Admiralty at Dover 
Harbour. The Piercy stage is a self-contained movable structure, which takes 
the place of the ordinary expensive temporary staging or falsework; it is un- 
influenced by tide or heavy waves, being always steady, and enabling the piles 
to be driven with great precision. The stage can be erected in all security on 
shore and walked out in the water to the work. The stage is moved ahead of 
the work as it proceeds. In the present instance the stage shown in the lower 
figures consists essentially of two pairs of main girders, which are crossed and 
connected at the four points of intersection by four two-way roller carriages also 
shown. This enables either pair of girders to entirely support the other pair 
while it is being moved. Each pair of girders is, of course, connected up and 
braced to form a square framework, at the corners of which the supporting spuds 
are situated. These spuds, of which there are eight in all, four for each frame, 
are raised or lowered as required by wire rope purchases and winches, and 
together carry the whole stage, which is moved ahead, sideways, or slewed as 


required by the pile-driving. 
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The stage normally rests on the whole of the eight spuds, but when the four 
spuds on one frame are raised, the said frame with its spuds can be moved on, or 
relatively to the fixed frame, when its spuds are then dropped, and those on 
the other frame raised, and so on, until the desired position is reached, when all the 
spuds are again lowered. 

Fixed timber staging is thus entirely dispensed with, which will result in a 
saving of nearly £2,000 in the cost of the temporary works, besides enabling the 
work to be completed in much less time than would be required by the older 
methods. zx | 

The cross girders of the pier are exceptionally strong to aid in stiffening the 
whole structure, and the longitudinal girders, of which there are five to the width 
of 46 ft. 6 in. overall, are made beforehand and connected up with the cross 
girders and deck after being placed in position. The horizontal bracing is also 
moulded in advance, and connected up after the piles have been driven. 

Test piles have been driven on the site to find the level of a reliable founda- 
tion and to determine the lengths needed for the piles as accurately as possible 
as it is advisable to avoid any subsequent alterations of any magnitude. 

Some idea of the work may be gleaned from the following approximate 
quantities of material which will be used in its construction—200 tons of steel, 
400 tons of cement, 1,600 tons of broken stone, 800 tons of sand, giving a total 
weight of 3,000 tons. 
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DR. F. VON EMPERGER'S 
METHOD OF TESTING REIN- 


FORCED CONCRETE BEAMS. 


We present below particulars of Dr. «on реет method of testing reinforced 
concrete beams, as described in one of Messrs. Ernst & Son’s publications referred to 
below. The orginal in the German language ts obtainable at 4 marks, and these public 
particulars have been supplemented and various explanations and particulars sent us 
by the aathor personally. 

We believe his methods demand the most earnest consideration in this country, and 
if found as reliable as we understand they are, and as simple as the author urges, they 
might certainly be applied to jobs in this country with excellent effect. —ED. 


IN view of the unsatisfactory character of the results obtained from compression 
tests on concrete cubes, Dr. F. von Emperger proposed, as far back as 1903, that 
these tests should be abandoned entirely as a basis of calculation, and should 
be replaced by loading tests on specially prepared reinforced concrete beams. 
Although the method was then described in detail, it received little attention, 
aud a further account has therefore been prepared by Dr. G. Neumann, and issued 
as Part XIV. of the excellent “ Research Memoirs in Reinforced Concrete Con- 
struction," of Messrs. W. Ernst & Son, Berlin. 

Defects of Cube Test.—The principal objections to the compressive tests 
with cubes are, that it requires a properly equipped laboratory with skilled 
assistants, and that small differences in the degree of ramming, the parallelism 
of the faces of the cube, etc., exert a verv great influence on the results. The 
difficulty of ensuring that the cubes are fair samples of the concrete used on the 
job has contributed to bring the system of testing into discredit. 

The New Test.—The new test is intended to be carried out on the spot, 
the test-beams being prepared from the materials there in use, and the testing 
apparatus being fitted up close at hand, from parts which are packed in portable 
cases, which also contain bent steel rods as models to be copied by the workmen 
preparing the test-beams. It is best to prepare four such beams for each test, : 
two of which are reinforced with a single longitudinal rod (Type I.), and two 
with two parallel rods (Type II.). The beams are 2°30 metres (6 ft. 8 in.) long, 
7 cm. (21 in.) broad, and ост. (4 in.) deep. The reinforcing rods are 12 mm. 
(1 in.) in diameter, and are bent up and turned over at the ends as shown in the 
diagram on page 765. 

Moulding the Beams.--Double-wooden moulds, lined with sheet iron, are 
used. After oiling, thev are fitted together by means of distance pieces; two 
loops to serve as handles are placed in position, and the sides are accuratelv 
adjusted by means of a gauge until the middle third has exactly the correct 
width. The reinforcing rods are then laid in position on the distance irons and 
handles. The concrete is then introduced, and tamped in the same way as in 
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Conducting the Test.—The framework used in making the loading test is 
shown on page 765. The two hardwood knife edges, with iron edges, are placed 
exactly 2 metres apart, and the load is then hung from two wooden riders, placed 
as shown at a distance apart of 50 cm. (I ft. 8 in). The chains must allow the 
loading platform to swing freely, without allowing too great a fall when destruction 
occurs. It is advisable to place a board (not a thick plank) immediately under the 
beam to receive the broken halves and prevent complete collapse. А vertical 
scale may be attached to this board at the middle point to measure the deflection 
before fracture. The load is applied by means of bricks, which are added sym- 
metrically, according to a definite scheme, by two workmen, and are counted 
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GRAPHICAL DIAGRAM AS PROPOSED FOR AUSTRIAN AND GFRMAN USE. 


until fracture occurs. The mean weight of a brick is determined separatelv, and 
the breaking load is then made up of the weights of the bricks and the loading 
apparatus, and two-thirds of the weight of the beam. (When loading is applied 
at four points, corresponding with a test under distributed load, the whole weicht 
of the beam must be included). 

Calculation of the Results.—Calling the breaking load P, the compressive 
stress reached in the concrete is, for Type I. of reinforcement, ср — 0:384 Р, 
and for Туре IL, съ =0°3285 P. It remains to be determined, however, whether 
this stress was the cause of fracture—that is, whether the maximum compressive 
strength was utilised. This is most readily determined by inserting M,, = in 
the graphical diagram here shown. It will be seen from this that for the best 
qualities of concrete it is advisable to use Type II., with 4 per cent. of reinforce- 
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ment. The maximum stress obtainable in concrete by the use of this type of 
beam is considerably in excess of that ever attained in actual practice. The 
error due to accidental shifting of the reinforcing rods during the preparation of 
the beams does not exceed 2 per cent. of the stress. 

The Use of the Graphical Diagram.—The diagram on page 76 has the 
percentage of reinforcement as absciss.e, and the values of the breaking moment, 
Ma», as ordinates. The dimensions of the test beams are so chosen that M, = ,. 
The strength of the steel is taken as its elastic limit, which is generally 3,500 kg. 
per sq. cm., shown as a thick curve on the diagram. Actually, failure of the steel 
is very rarely observed. In the neighbourhood of its elastic limit, the steel 
unloads itself at the expense of the concrete, and the resulting shifting of the 
neutral axis upwards, and increase of the compressive stress in the concrete, 
causes fracture of the concrete, really from a secondary cause. If the value of 
M, = falls below the steel curve, fracture is due to failure of the concrete, and 
the strength of this may be determined by the aid of the second group of curves ; 
if above, fracture is due to the steel, and we cannot tell whether the maximum 
strength of the concrete has been reached or not. 

An Example of the Use of the Test. —Dr. von Emperger gives a fully 
worked example of the test, in a case in which it was required to decide between 
two aggregates. The choice was between a machine-broken stone of known good 
quality, and the cheaper ballast dredged from the Danube, only one-quarter of 
which is broken in order to supply the missing fragments of medium size. Contrary 
to expectation, the natural ballast gave results throughout 25 per cent. better 
than the broken stone, although all the tests were fairlv good. The limit of the 
steel was reached in two cases. The differences are attributed to the sand rather 
than to the coarser fragments. 

The Factor of Safety.—The Prussian regulations require that in parts sub- 
jected to bending, tlie compressive stress in the concrete shall not exceed one-sixth 
of its compressive strength. This is usually taken to mean the strength of cubes 
in compression. The actual factor of safety is then I'6 x 6=9'6, or nearly ro, 
А beam should then, after 28 davs, show a compressive strength in the concrete 
of 384 kg. per sq. cm., which is quite impossible. The Swiss regulations would, 
under the same conditions, call for 240 kg. per sq. cm., an easily attainable figure. 
A comparison with the Austrian regulations, which give figures according with 
experiments, suggests that in the Prussian regulations the distinction between 
compressive strength in cube tests and in bending tests has been overlooked, 
and that the factor 6 should refer to the latter. With the materials available in 
Vienna, a strength of 250 kg. per sq. cm. should be reached easily after 6 weeks. 

Suggested Specification.—\t is suggested that the regulation of the 
Austrian Concrete Association should be modified to run as follows : 

" In the regular course of building, four test-beams should be prepared for 
every 100 cubic metres of concrete, and should be tested before removal of centering 
in the case of floors, otherwise after intervals of 3 and 6 weeks. Such tests are 
to be repeated in case of any observed irregularity in the preparation of the 
concrete, especially at the approach of frost, whenever the temperature falls 
below +5° C., or sufficiently often to test any floors constructed in cold weather 
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before the removal of their centering. These test-beams must be clearly marked 
bv labels attached to their handles." Further, “ the centering may be removed 
from any structural member when the specified minimum strength is reached, 
that is, 4 times the stress shown by calculation under full load." In good weather 
—that is, when the temperature is above 5? C.—this strength is reached in 
about a week. 

The Strength of Concrete. —А graphical comparison of Dr. von Emperger's 
results with those obtained by Professor Mórsch and by Professor von Bach, 
shows that greater uniformity is found in the bending tests than in the compres- 
sion tests with cubes. A few of Professor von Bach's results with compression 
tests of 1: 2 * 3 mixtures may be quoted. All the cubes were tested when 
45 days old : 

Cement, Dresden pit sand, and Rhenish gravel, 238 kg. per sq. cm. 

Cement, Rhenish sand, machine-broken basalt, 233 kg. per sq. cm. 

Cement, crushed basalt sand, and machine-broken basalt, 178 kg. per sq. cm. 

Cement, broken limestone sand, and Rhenish gravel, тот kg. per sq. cm. 

These results are in very good agreement with those obtained from Danube 
ballast. The decrease in strength obtained by using crushed stone instead of 
sand is very marked in all cases. 

The average variation in the results of the bending tests is about 7 per cent. 
to 8 per cent. of the mean value, these variations being attributable to differences 
of temperature, moistness of air, etc., and in some cases also to the fracture of the 
beam taking place at different parts. The corresponding compression tests with 
cubes exhibit much greater irregularities. Excluding the most irregular values, 
the ratio of the breaking stress in bending tests to that in compression tests is 
from I'3 to 16 : I. 

Tests made on the works at temperatures below 5° show a great diminution 
in the strength of concrete, but the minimum permissible strength was always 
exceeded after 23 davs, so that the centering could then be safely removed. This 
factor is of such great importance that provision is made on the testing sheets for 
the entry of the daily maximum and minimum temperatures. 

Size of Beams.—It is well known that ditferent values of the compressive 
strength are obtained by using cubes of different sizes. The experiments with 
beams conducted by Professor von Bach, Professor Mórsch, and the Amsterdam 
Cement Works were with test-beams of very different dimensions, but little 
variation of the results was observed. A diminution of resistance under bending 
load occurs when the section is T-shaped instead of rectangular. 

Conclusions.—The cheapness and simplicity of the test, as well as its trust- 
worthiness, are adduced as reasons for its introduction as a means of systematic 
control of building operations. The same advantages make it a very suitable 
means of instruction in colleges and classes where engineers and others receive 
training in constructional engineering. For this reason, it has already found an 
entrance into the systematic courses of instruction in several important colleges. 
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REINFORCED CONCRETE 
WORK AT 


BRIDLIN СТОМ 


Ву Е. К MATTHEWS, A.M.Inst.C.E., Borough Engineer, Bridlington. 


It ts with great pleasure that we publish an article on various examples of reinforced 
concrete in municipal work in Bridlington.—ED. 


REINFORCED concrete has been freely used in municipal engineering work at 
Bridlington in a variety of ways, but chiefly in the construction of retaining 
walls and roofs, and in this short article a brief description is given of these, 
including the work in connection with the construction of the new lavatories and 
shelter on the marine drive. 

Designs were sent in by the Chain Concrete Syndicate, of Leeds, and were 
approved bv the author, and subsequentlv by the Local Government Board, and 
a thirty vears’ loan was granted for same. Other designs and prices have since 
been invited, and the Council have accepted those of the Trussed Concrete Steel 
Co. for this work, their price being the lowest. A plan and section are shown 
on page 770. 

The design includes the erection at the back of the proposed lavatories and 
shelter, and extending the full length of same, of a reinforced concrete retaining 
wall. It is 13 ft. in height, and is strengthened by buttresses as shown. The 
wall is 7 in. in thickness at the base, and 4 in. at the top. The width of the 
foundations is 6 ft., thickness 9 in., and a longitudinal beam 18 in. by 8 in. 
extends the full length of the wall. 

Running parallel with this wall, but about 28 ft. further seaward, and at a 
lower level, is another retaining wall built in reinforced concrete. This is also 
I3 ft. in height, and is built in a similar manner to the previous wall, being also 
strengthened by buttresses. The lower retaining wall is returned at the ends, 
Connecting the two retaining walls are то in. by 8 in. reinforced concrete beams 
or ties, placed at ro tt. centres. 

The roof slab is supported bv r6 in. by 8 in. reinforced concrete beams 
These are spaced at то-Ї{. centres. The roof slab is 4 in. in thickness, and has 
a fall from front to back, where it drains on to a channel formed in the concrete. 
This channel is connected to fall pipes which discharge on to gullies. 

A moulded beam runs the entire length of the shelter. Reinforced concrete 
sills are placed around the openings for the lantern lights. Two flights of steps, 
each 8 ft. in width, are also constructed in reinforced concrete. 

The concrete was specified to be formed of 3 parts of sea gravel to be capable 
of passing through a I-in. ring, 2 parts clean sharp sand, and I part of best Portland 
cement. The steel to be of British manufacture, and guaranteed to withstand a 
tensile strain of 60,000 lb. per «q. in. 769 
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14 in., and the roof slab was to be covered with limmer asphalte to be put on in 


two layers. 
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АП steel was to be washed with cement grout at least 48 hours before being 
used. The steps were to have patent non-slip carborundum finish to treads. 

The author estimates that quite 30 per cent. in the cost has been saved by 
the use of reinforced concrete; not only so, but it would have been a very awkward 
matter to have constructed the retaining walls in plain concrete, masonry, or 
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Section of Reirforced Concrete Fish Stand. 


REINFORCED CONCRETE WORK AT BRIDLINGTON. 


brickwork, as the walls 
have to be built on the 
sloping face of a cliff, and 
heavy walls should cer- 
tainly be avoided. 

Reinforced concrete 
lends itself admirably to 
work of this kind, as the 
walls can be constructed 
with about one-third of 
the material, and conse- 
quently are only one- 
third of the weight of 
heavy masonry or brick 
walls. 

REINFORCED СОМ. 
CRETE FISH STAND. 

A very interesting 
piece of reinforced con- 
crete work has just been 
completed at Bridling- 
ton ; this is a cantilever 
platform which is carried 
out from а retaining 
wall at the north end of 
the harbour, and is being 
used as a fish stand. It 
was a somewhat awk- 
ward piece of engineer- 
ing work, for the old 
retaining wall had been 
badly built, and the con- 
crete backing used in its 
construction was of a 
very poor quality. 


In order to put as little stress as possible upon the wall, it was decided to 
construct a mass concrete wall at the back of same for a depth of about 5 ft. 
below the road level, and to carry out from this a reinforced concrete slab pro- 
jecting 8 ft., and supported by brackets which are 5 in. in thickness, and spaced 


at 6 ft. 2 in. centres. 
concrete wall being of 6 to 1. 


The brackets and slab are of 4 to 1 concrete, the mass 
The slab diminishes in thickness from 8 in. to 4 in. 


;,/! 
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The platform is 50 ft. in length, iron railings surround it, and the aggregate 
for the concrete consisted of fine sea gravel capable of passing through a ?-in. 
ring, and sea sand. 

The work was executed to the author's entire satisfaction by the Chain 
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View of Underside of Reinforced Concrete Fish Stand. 
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Concrete Syndicate, of Leeds ; the reinforcement consisted of 3-in., j,4-in., and 
j-in. rods, and special clips which are the patent of the firm named. 

On the completion of the work in December last a test load of т} cwt. per 
sq. ft. was applied at the two end bays, and the deflection caused by the load was 
scarcelv perceptible. 
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This is an example of the use of reinforced concrete in work of a somewhat 
unusual character. It is doubtful if any other material would have made so 
satisfactory a job. 

The contract price for this work was {114 12s. 6d. To this, however, must 
be added the cost of excavation and of the iron railings and fixing, bringing the 
total cost up to about £135. 

For street-widening purposes, where a road is supported on one side by a 
heavy retaining wall, and it is necessary to widen such a road on that side, the 
author does not know of a better method than that adopted by him in this particular 
case, and it will be understood that if a large amount of such work is to be done, 
the relative cost per lineal yard will come out at г a much less figure than in the 
case of this cantilever platform. 


BEACONSFIELD LAVATORIES. 

Ihe reinforced concrete work at the New Beaconsfield Lavatories, at Brid- 
lington, consists of reinforced concrete retaining walls and flat roof, the latter 
being supported by reinforced concrete beams. This work was completed a few 
months ago by the Chain Concrete Sy ndicate, of Leeds, and may be briefly 
described as follows. 

On two sides of the lavatories a reinforced concrete wall has been constructed, 


-9 wow we ———9 


жаш FLAT FL ITS . 


Llevotion & Rida Ж Sean 


ee € EE a iin 


yc Tree with Section & Pilar o fev do^ cns 
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the height of which is about 14 ft. This is strengthened by counterforts 5 in. in 
thickness, placed at intervals, and the roof is covered with two layers of limmer 
asphalte ; то-1п. by 8-in. reinforced concrete beams support the roof, and this 15 
designed to carry a load of т} cwt. per sq. ft. irrespective of its own weight. 
The thickness of the roof slab is 5in. The public promenade over this roof daily. 

The underside of the roof is finished off with superfine Parian cement, and 
presents a very pleasing appearance, all angles in beams being chamfered. 

The author considers that quite 25 per cent. in the cost was saved by using 
reinforced concrete. 
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REINFORCED CONCRETE BRIDGE OVER THE 
WERRA, IN THURINGIA, GERMANY. 


The bridge described in this article is one of the many highly interesting bridges of large 
span which have Feen carried out ín reinforced concrete in Germany. — ED. 


AN address dealing with reinforced concrete railway bridges, delivered by Mr 
Rud. Christiani to the meeting of the German Association of Architects and 
Engineers at Hamburg, contains, among others, a description of a bridge recently 
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REINFORCED CONCRETE BRIDGE OVER THE WERRA IN THURINGIA. 


built by Messrs. Christiani and Nielsen over the River Werra, near Heringen Station 
on the Gerstungen-Wacha line in Thuringia. A branch line has been constructed, 
connecting two works for the extraction of potash salts, known as the Heringen 
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Elevation and Plan. 


ERRA IN THURINGIA. 


REINFORCED CONCRETE BRIDGE OVER THE W 


and  Wintershall works 
respectively. The Jine is 
carried on earthen em- 
bankments, and has to 
cross the river at a point 
necessitating a clear span 
of 53 metres (173 ft. ІІ in.). 
The depth of the river is 
2 metres (6 ft. 6 in.) at 
low water and 5:2 metres 
(17 ft) at high water, 
whilst the river authorities 
insist on a clearance of 
6 ft. 6 in. above high water 
mark. The soilis a coarse, 
angular gravel, capable of 
carrying 2:5—3 kilog. per 
cm? (35—43 lb. per sq. in.) 
with safety. 

The design is that of 
a rigid arch, which the 
author prefers to any form 
of hinged arch, on account 
of the greater facility of 
construction and greater 
stiffness in all directions, 
in spite of the initial diffi- 
culties of the computation. 
The two arched beams are 
united above by transverse 
struts, and carry the rein- 
forced concrete roadway 
by means of steel ties. 

Provision is made 
against injury from varia- 
tions of temperature by 
dividing the road into 
three parts, the two end 
sections being rigidly con- 
nected with the arched 
beams, whilst the middle 
section hangs freely, and 
engages with the end 
sections by means of in- 
dentations. The architec- 
tural effect would have 
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been better had the 
vertical ties been of rein- 
forced concrete instead of 
steel, but it was thought 
that the movement of the 
suspended road under the 
influence of changes of 
temperature would, by 
causing bending of the 
ties, set up severe bending 
stresses, and probably 
cause cracks. 

The decking is 12 to 
14 cm. (5% in.) thick, and 
is carried by four longitu- 
dinal beams, which in their 
turn rest on transverse 
supports at intervals of 
4'15 metres (13 ft. 7 in). 
These supports are 80 cm. 
(2 ft. 7 in.) wide in the 
middle, tapering to 50 cm. 
(т ft. 73 in.) at the ends. 
The rails are continuous, 
and are carried on sleepers 
which are readily removed 
sideways if required. The 
gravel ballast is 30 to 
40 cm. (12 to 16 in.) deep. 

The centering used in 
the construction. of this 
bridge is of an interesting 
kind. It was parabolic in 
form, with a maximum 
excess of height in the 
centre of 50 mm. (2 in.) 
diminishing towards the 
ends. The supports rested 
on wedges, which could be 
removed when required, 
the central wedges being 
the first to be driven out. 
It was found that the 
settlement of the center- 
ing during the concreting 
amounted to 35 mm. 


СОХСЕЕТЕ BRIDGE IN THURINGIA. (CONCRETE) 


(i$ in.) at the crown 
of the arch, and when 
the centering was re- 
moved after the con- 
crete had hardened 
for 5 weeks a further 
settlement of II mm. 
(i; in. took place. 
The concreting of the 
arches was naturally 
performed before that 
of the roadwav, but 
the reverse order was 
followed in the re- 
moval of the false- 
work, in order to avoid 
undue stresses in the 
vertical ties. The work 
was begun on April 15, 
1910, and the concret- 
ing was finished on 
August I of the same 
year. 
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The clear span of 
53 metres (173 ft. 
II in.) is the largest in 
Germany, and special 
interest therefore at- 
taches to the loading 
tests conducted on 
behalf of the railway 
authorities on Januarv 
20, IQII. Three rail- 
way trucks, weighing 
about 48 tons each 
when loaded with 
potash salts, and а 
locomotive weighing 
34 tons, were used 
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View of Arch in Course of Construction. 


REINFORCED CONCRETE BRIDGE OVER THE WERRA IN THURINGIA. 


for loading. Five 
different cases were 
examined : 


(1) Three trucks 
placed symmetrically 
in the middle of the 


bridge ; 


кд پک‎ CONCRETE BRIDGE IN THURINGIA. 

(2) Two trucks, standing at the point at which the roadway is divided ; 

(3) The same, at the other end ; (4) One truck in the middle ; (5) The whole 
train crossing the bridge at full speed. 

The deflections were measured at twelve different points bv means of wooden 

levers magnifving five times. The results show а remarkably close agreement 

between the calculated and observed deflections in all points, proving the possi- 


View from Underneath. 


REINFORCED CONCRETE BRIDGE OVER THE WERRA IN THURINGIA. 


bility of computing correctly structures of this type. The results indicate a 
modulus of elasticity of 300,000 kilog. per sq. cm. (1,904 tons per sq. 1п.), which 
is double that usually assumed in calculation. It must be remembered, however, 
that the concrete was five months old, and of specially good qualitv, being а 
1:6 mixture of natural ballast from the Werra river with cement. Cubes of 
the same mixture, tested in the Berlin Testing Bureau, gave a crushing 
strength of 365 kilog. per sq. cm. (5,190 Ib. per sq. in.) after 28 days. | 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. — ED. 


€ 


BOSTON SOCIETY OF CIVIL ENGINEERS. 


METHODS USED IN OBTAINING CONCRETE OF 


MAXIMUM DENSITY FOR THE WESTERLY 
STANDPIPE. 


By Mr. ANGUS B. MACMILLAN. 


The following paper was recently read by Mr. Angus B. MacMillan, Engineer of the Aberthaw Con- 
truction Co., before the Boston Society of Civil Engineers. A description of the construction of the 
Westerly Water Tower appeared in our issue of Fune, 1911. 


Ir was determined at the very start of the building of the Westerly Water Tower that 
we should depend on a very dense mix of concrete to insure water tightness, and in 
order to attain this result a large number of tests were made to discover the proper 
mixture for obtaining the maximum density with the aggregate at the disposal of the 
builders, and then to insure every batch of cement being as nearly as possible of the 
predetermined density. The first step was to make mechanical tests of the sand 
and stone available. 

Two sizes of sand were tried : one a bank sand of the size commonly known as 
paving gravel and called No. 43, and the other a fine bank sand known as No. 5. 
Crushed grey Westerly granite of all sizes between } in. and 1} in., as screened at the 
crusher, was the stone used on this work. For testing purposes roo ounces of material 
were used at a time. Samples were selected from the pile by quartering in order to 
get as nearly as possible average results. Аз the screens were not calibrated, values 
from Taylor & Thompson were used. The first sample of stone, known as No. 43, 
gave the following results, the weights given being in all cases the amounts retained 
on the screen : 


SAND No, 45, 


Size Percentage Size. Percentage 
Inches. retained. Inches. retained. 

1 " 11 8 а 39 

1 51 20 T 62 

E 153 30 Г 811 

2 20 50 ree 95 

4 26} 100 T 98 

2 31 200 A 100 

i 33 
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The fine sand, known as No. 5, when screened gave the following results : 
SAND No. 5. 


Size. Perceatage Size. Percentage 
Inches. retained. Inches. retained. 
4 2} 20 TT 37 
2 А 55 30 T^ 63 
i e 9} 50 j^ 91} 
E 124 100 - 97 
À — 17 200 T 99] 
8 ids 18} 


The fine sand (No. 5) did not seem, however, to be as good quality as the coarse 
sand, there being a considerable amount of dirt in it, so that it was decided not to use 
this. Three samples of stone were then tested, and of these the results obtained 
with No. 3, the one used, are given below : 


SAND No. 3. 
Size. Percentage Size. Percentage 
Inches. retained, Inches. retained. 
14 il 74 їз TE 964 
1 T 354 } UE 98 
3 48 20 i 981 
1 57 30 n 93 
g 79 50 100 
i 934 


This stone (No. 3) was used with the coarse sand (No. 43) and Portland cement 
in the proportion of 1 part cement, 2 parts sand, and 4 parts stone, and tested. The 
curve obtained by this combination is shown by the dotted line on the chart. It was 
obvious that No. 3 stone and No. 41 sand as they stood could not be combined into a 
good curve. It did seem possible, however, to modify this by screening, and after 


ize Б Screen 
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N 
У, 


BOSTON SOCIETY OF CIVIL ENGINEERS. ONCDETE) 


careful consideration it was decided to remove from the stone everything that would 
pass a half-inch screen. This screening was done by hand on a small screen. А 
second trial was then made using a mixture of 16:9 parts Portland cement and 26-7 
parts sand and 53:5 parts of stone by weight. This mixture gave a curve that was 
practically coincident with the '' Ideal "" 7 :rve recommended by Taylor & Thompson. 
Trials for density were then conducted. 

For this purpose a cylindrical can made of riveted ,,-in. steel plate was used. 
This can was Io in. in diameter, and r5 in. in depth ; 50 lb. of material was mixed in 
a metal box by hand, and enough water was then added to make a mix that would 
barely quake when mixed. The concrete thus formed was then transferred to the 
cylindrical can, and the distance down from the top of the can to the top of the mixture 
was carefully measured. The densest mix obtained was found to measure 7 in. down 
from the top of the can, thus giving a total volume for the 50 lb. of concrete of 610 cu. in. 
It was also determined that a variation of }-in. in height of mixture in the can above 
the mark set by this densest concrete corresponded to a change in volume oí 
1*6 per cent., thus giving a handy means of comparing any trial mixture. The density 
tests showed that the mixture giving a curve most nearly approximate to the Taylor & 
Thompson “ Ideal" gave an excess volume over the best mixture of 6:4 per cent., 
and it seemed also to be lacking in mortar. 

It was then decided that the concrete should be mixed so rich as to make onlv 
12 cu. ft. to a 4-bag batch. The latter result was finally obtained with a mixture of 
20 parts by weight of cement, 4o parts of No. 4} sand, and до parts of No. 3 stone 
screened to remove everything below i-in. This mixture had the maximum density 
of any that was measured, and appeared to be satisfactory in other respects. The 
curve given by this mixture, however, on volumetric tests, was nearly 10 per cent. 
higher than the '' Ideal" of Taylor & Thompson at the point of tangency. In an 
endeavour to get even greater accuracy, a can of smaller diameter than the first was 
made, and further tests conducted with this. Twenty-eight various mixtures were 
tried, using this small diameter can, but the mixture mentioned above still showed 
the best results of any tested, and it was accordinglv decided to use this on the work. 

Further tests were conducted for the purpose of ascertaining whether or not 
even greater density might be obtained by the addition of hydrated lime to the mixture. 
It was found that with the densest mix the addition of hydrated lime increased the 
volume almost directly in proportion to the amount of lime used, and therefore it was 
considered of little use to add lime to the concrete. 

In the course of the actual work on the standpipe, volumetric tests were not 
made every time samples were analysed, but only when they varied 2 or more per cent. 
from those in use was the curve of the mixture worked out. As the sand and stone 
used were measured in wheelbarrows, the quantity was subject to an unavoidable 
variation of 2 or 3 per cent., so that it was believed to be an unnecessary refinement 
to carrv the curves to any greater accuracy. 

- The amount of water added was given a great deal of consideration. It was 

found—I believe that a paper recently read by Mr. Chapman before the National 
Association of Cement Users, gave some data on this point—that the percentage ot 
water added to concrete in mixing has a very marked effect upon its permeability, 
and that even very slight variations from the proper constituency gives much greater 
variations in permeability ; ; that is, if too much water is added the resulting concrete 
is much less waterproof than one with the ideal amount of water. This ideal amount 
varies, however, for different mixtures of cement and aggregate, and the nearest 
approximation that can be made offhand is that enough water shall be added to make 
a mixture which under tamping shall show water at the surface and give what we 
call a dry quaking mix—that is, a mix that will not quake until it has been thoroughly 
tamped. With any given cement and aggregate, preliminary tests may readily be 
made to determine the proper amount of water to use in mixing. Once the amount 
which gives a dry quaking mix has been found it is simplv a matter of adding this 
proportion of water to cach batch of concrete. 

In the actual mixing of the concrete on this job we followed a method somewhat 
different from our usual one. One-half of the stone was put in the mixer and some 
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water. The mixer was then revolved for a minute or so, and the sand and cement 
and the rest of the stone and water were added. The concrete was then thoroughly 
mixed for a total time of about five minutes, when the mixture was dumped and 


hoisted up on to the tower. 
The tests described were conducted by Mr. W. W. Clifford, of the Aberthaw 


Construction Co. 


AMERICAN SOCIETY FOR TESTING MATERIALS. 
PRACTICAL CEMENT TESTING. 


By ERNEST B. McCREADY, Lehigh Valley Testing Laboratory, U.S.A. 


The paper here presented was read before the American Society for Testing Materials, and claims 

attention as tersely putting forward points in connection with cement testing, which it would be well 
if they were more generally realised, particularly among the smaller cement users. 
THE continued wonderful growth of the cement industry adds increasing emphasis to 
the necessity for a uniform standard of tests and a more general adherence thereto. 
The first has already been provided through the efforts of this Society and its 
co-workers. The realisation of the latter is, in some respects, still a long way off. 

Uniformity in the grade and quality of the cement itself will never be possible. 
There will always be grades in cement just as there are grades in pig iron. "The fact 
is not vet generally recognised that cement is not, like sugar and salt, a standard 
commodity of uniform value so long as it is unadulterated with some foreign material. 
Cement is more nearly comparable to the bread or cake or confection (to carry out the 
figure), and its quality depends as much on the kind and character of the raw 
materials as on the skill of the cook. What we need to know now is not so much 
whether the food is fit to eat, but rather which food is best suited to our needs. Our 
tests must do more than differentiate between that which is merely good and any that 
may be positively bad. Our aim for the future must be to give a correct value to the 
grade of material we are testing. This can only be done by treating each sample as 
every other sample is treated, so far as practicable, making the necessary variations 
onlv according to fixed rules. 

lhe valuable work done by this Society in formulating, adopting and recom. 
mending тог general use uniform methods of procedure in carrying out the more 
common tests on cement, have accomplished much towards this end. But while 
progress has undoubtedly been made in this direction, very much more remains to Бе 
done. Many differences of method still exist, and many testers cannot or will not 
recognise the necessity for a change. 

In the conduct of а commercial laboratory probably more than in any other, these 
facts, and the desirability of uniform standards, are constantly being emphasised. The 
manufacturer has to contend with the notions and peculiarities of various engineers and 
consumers. The commercial laboratory has to do not only with these, but also with 
the idiosyncrasies of the manufacturer as well. The problem of harmonising these 
discordant elements is the one that must be faced and solved first of all. It is the 
purpose of this paper to point out only a few sources of difference and contention (or 
at least of misunderstanding) which might easily be avoided by the general acceptance 
of a common ground on which all parties are willing to stand. 

It is probable that the question of tensile strength has to do, in some form, with 
more disputes concerning cements than апу other test. Such differences are usually 
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ascribed to that convenient scapegoat, the '* personal equation," which, although it is 
often the source of decided differences, is by no means the most troublesome factor with 
which we have to deal at the present time. Many trials have shown that men working 
side by side do get closely agreeing results when the work is done with reasonable care 
and intelligence. It is equally true that results from different laboratories often dis- 
agree more than would seem to be possible on the same cement. А study of the 
reasons for such differences and the conditions which produce them is interesting. 


There are probably not more than half a dozen laboratories in which there is any 
earnest, careful effort to carry out every operation in accordance with the directions 
adopted and promulgated by this Society. On the other hand, there are laboratories 
where absolutely no effort is made to conform to these requirements. And it is a fact 
that there are cement testers in competent charge who have never read over or even 
heard of these standard methods. 


The reason for this state of affairs is not hard to find. The fact that any other 
brand of cement had reached a given strength in somebody's laboratory tests, makes 
it incumbent upon the sale agents of each new brand to show that their cement can do 
as well or even a little better. When some engineer reports that he has made some 
tests, and that he gets the best results on a cement whose strength is limited at seven 
days, and always specifies such cement, it immediately becomes the fashion for 
engineers, without further investigation, to write in their specifications a limit to the 
tensile strength, or else a specified minimum rate at which the cement shall harden, or 
both. Again, it is '* up to " the manufacturer. He must prove by his own tests, at 
least, that his cement will do as it is told if he expects to bid under these specifications. 
So nothing matters but results. Мо mention is made of the methods or conditions 
under which the tests are made. Hence we have this state of affairs; in the laboratories 
of various manufacturers we find that ** normal consistency,’’ or its equivalent, means 
anything from a paste so wet that it can be stirred up and filled into the moulds 
with a spoon or knife, in less than a minute, to a paste almost or quite as dry as is 
commonly used with the Boehme hammer, and which is compacted in the moulds with 
wooden tampers or with an iron form and a hammer. 


It is not surprising, then, to find that an application of the standard methods in 
treating these different brands results, on the one hand, in higher short-time tests than 
those obtained by the manufacturer, and consequently a smaller gain in Strength as 
measured by percentage, while the same relative treatment applied to another brand 
gives results considerably lower than the strength claimed for it. 


It is sometimes argued that it is not fair to treat all brands alike, and the reasons 
advanced seem plausible; but, the user makes no difference in his treatment of different 
brands, and, indeed, it would be impracticable to follow out the minute changes 
necessary to allow for the peculiarities of various brands. We must not lose sight of 
the fact that the object of testing cement is to get information as to its comparative 
behaviour under uniform conditions. We all know that our test methods are arbitrary. 
This has been said so often that it is becoming trite. But, until the recognised standard 


of measurement is changed by common consent to something better, it surely behoves 
us all to ** measure by the stick.” І 


In many laboratories the effect of temperature on the results is practically ignored, 
and in only a few is any attempt made to keep the temperature uniform. Any room 
that can be spared in any part of a building is often considered good enough for a 


laboratory. Not long since the tests on the cement for an important work were carried 
on by the inspector in a small closet without ventilation, and necessitating the use of 
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artificial light continually. It is not necessary to add that the cement was often found 
to be quick-setting. Іп a cold laboratory, on the other hand, an actually quick-setting 
tendency, which might lead to serious trouble on the work, is likely to be overlooked. 

Briquettes of different ages are often stored in different rooms. Frequently only 
those to be broken at seven and twenty-eight days are kept in a heated room, the 
longer-time briquettes being stored in a cellar or other convenient place—in water, 
which is seldom or never renewed, and taken therefrom at a temperature of perhaps 
409 F., or less in winter time, and immediately broken. The results are recorded with- 
out comment, and at some later time are serenely compared and averaged with others 
broken, perhaps, in midsummer under exactly opposite conditions, and the cement gets 
all the credit or blame, as the case may be, according to the showing. 

Occasionally laboratories, built for the special purpose—light-frame structures, 
perhaps, while otherwise well equipped and well suited for the purpose—are turned 
into veritable ovens in summer time by a low tin or rather flat roof. 

The writer has several times been called upon to determine the reason for abnormal 
differences in the results of different laboratories. In one instance a chronic case of lack 
of gain, or else retrogression, at twenty-eight days was traced to a laboratory tempera- 
ture which so hastened the hardening of the test pieces that practically the full ultimate 
tensile strength was developed at seven days or less, while the continued high tempera- 
ture of 9o? to 95? really produced before the end of twenty-eight days much the same 
effect as an accelerated test would have shown in a few hours. The hydration of any 
small quantity of uncombined lime present was hastened, causing a falling off in 
strength, which normally might not have appeared until a year or more later. 

In another case in mind, a finely ground, slow-setting cement was rendered so 
much slower by a laboratory temperature of 509 F. and cold gauge water that the 
24-hour briquettes showed only about half the strength required bv specification ; and, 
after six days’ immersion in water at 60° or less, the strength was still below specifica- 
tion requirements, both neat and sand. The cement itself was perfectly normal, except 
in setting time as just noted, which was about seven hours under normal conditions. 

These cases serve to illustrate the extremes, and all possible variations between, 
that are constantly being brought to the attention of the manufacturer and the com- 
mercial laboratory. 

There is much more to be standardised than the mere manual procedure of testing. 
Engineers need to recognise the fact that it is unfair to pick out what they conceive to 
be the '' good " points of several different brands and apply them as a measure to all 
brands which they may use. They should remember that high neat tests do not usually 
mean correspondingly high sand tests; that fine grinding is not often consistent with 
high neat tests; that because one laboratory reports a certain percentage gain on one 
brand is no reason why anyone should require the same gain from some other brand, 
and especially without inquiry as to the method of manufacture and testing which pro- 
duced these results. 

There is obviously a limit to the tensile strength of Portland cement, and the nearer 
this limit is approached at seven days, the less possibility remains for much gain there- 
after. And no tests have ever shown that this fact of itself renders a cement less 
desirable than one whose seven-day strength is so low that it can gain largely up to 
twenty-eight days or longer. For most modern work the former would seem to be the 
more desirable cement. Any marked retrogression in either case is due largely, if not 
wholly to details in manufacture. In fact, it is the writer’s experience that nearly all 
cements which at апу time fall off to or below seven-day strength are those which are 
known to be unsound when tested or not properly burned, and this occurs most fre- 
quently with low-pulling, light-burned cements. 
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There is much room for education on the part of the cement user. He needs to 
know, first of all, what he really wants in a cement—that is, what properties are of 
special value in his work. "With this knowledge will come a better realisation of the 
necessity, not only for uniform methods, but, what is more to the point, uniform tests. 
When he realises that, because one brand does not harden quite so rapidly as another, 
it is not necessarily inferior for the average piece of work, and that the cement which 
tails to gain 12 or 15 per cent. over goo pounds from seven to twenty-eight days is not 
likely to suffer by comparison with average cements in any other way; that when 
properly made and seasoned these cements are equally good for most ordinary work 
(although one or the other may be superior for some special work); when these facts 
are generally understood and appreciated there will be no reason for a manufacturer to 
modify his test methods so as to make a given showing—to obtain predetermined 
results—and uniform tests will be advanced a long way, and the manufacturer will be 
the first to hail such a condition. 
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AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course or 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to descrite these works in detail, but rather to indicate their existence 
and illustrate their pri:nary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


EXPERIMENTAL TANKS AT THE NATIONAL PHYSICAL 
LABORATORY, TEDDINGTON. 
THE expcrimental tank building at the National Physical Laboratory is now complete, 
and the special equipment well advanced. There are two water basins, the larger, 
constructed of concrete varying in thickness from 2 ft. to 4 ft. in places, is 550 ft. by 
зо ft., and 12 ft. 3 in. deep. It is provided at the north end with docks for storage 
arranged to give easy access to the models, at the south end with a shelving beach 
to eliminate the waves formed by the models. The models used for experiments in 
this basin are of paraffin wax, and will vary in length from 14 to 20 ft., and will be 
towed from a carriage, electrically driven, which runs on rails secured on either side 
to the top of the tank walls. The final adjustment of the motors of this carriage 
will be completed shortly, and it is then hoped that a speed of 17 miles per hour will 
be obtainable over the steady portion of an experimental run of a model. The tank 
walls and floor arc made of 6 to 1 Portland cement concrete. The walls are 2 ft. 
thick at the top, and have a batter of 1 in 8 both inside and out. The floor is 2 ft. 
thick generally, with a slope each side to the centre line. Walls and floors are keyed 
to one another, and the inside finished in a circular arc at the joint. The whole 
basin was built in lengths of about до ft., the floor first, and after a short interval 
the walls, and a dovetail gap of 6 in. to ro in. was left between the sections to allow 
of any settling or shrinkage of the walls to take place without cracks developing 
in them. The joints between these sections were filled in after the walls had been 


The small Reinforced Concrete Tank. 
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standing for about three months. А [íace-rendering of about І in. of cement was 
afterwards worked over the whole inside of the tank. The tank has been filled for 
several months and no visible crack of any sort has developed up to the present. 

The small tank is 58 ft. by 5 ft. It is built of reinforced concrete, 7 in. thick, 
faced over 20 ft. of the central portion with iron plates. 

A rotary pump is fixed in the tank at the north end, which will “asthe model 
experiments with flowing water to be made. For still-water experiments, pits 16 ft. 
deep have been constructed on the middle line at cach end of the tank. The block 
of buildings for metallurgical laboratories is at present in course of erection. The 
new buildings adjoin, and will be continuous with the existing metallurgical chemistry 
laboratories ; the first four rooms constitute an extension of the chemical laboratories. 
and are similarly constructed. Beyond these is a two-storey block, 50 ft. by тоо ft., 
containing on the ground floor rooms for the preparation of micro-sections, for micro- 


ee , 


scopic observation and photo-micrographv, and a ' museum " and specimen store. 


The large Concrete Tank. 
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On the first floor are the offices of the superintendent and staff, rooms for small 
electric and small gas furnaces and a central pyrometer room, also a special “ corrosion ” 
laboratory, a large battery room, and store rooms. The floor and roof-flat of this 
building will be of reinforced concrete, and the whole will be fireproof. 


REINFORCED CONCRETE STAIRCASES iN THE RITZ-CARLTON 
HOTEL, NEW YORK. 
THE spiral staircases of reinforced concrete at the Ritz-Carlton Hotel, New York, 
are shown on pages 799 and 790. Our contemporary, Engineering Record, from 
which these particulars are taken, mentions that they were erected to provide 
independent access to the four-storey apartments, which are a feature of the hotel. 
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These concrete staircases, which start at the cellar level, are of the ordinary 
straight design to the first-floor level, but from there to the top a special winding 
staircase is employed. Each staircase is supported at three points by iron hangers cast 
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REINFORCED CONCRETE STAIRCASES IN THE RITZ-CARLTON HOTEL, New YORK. 
in the concrete and suspended from the floor beams above, which gives a beam con- 
Struction with two end supports. Cantilever landings were used. Because of the 


warped surfaces the forms were extremely difficult to build. The soffit was moulded 
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on a ў-їп. layer of 1: 3 mortar applied to ł-in. wire mesh, which was attached to 
transverse pieces. This mortar was allowed to take a hard set, after which the 
longitudinal and transverse reinforcement was wired in, and the final cast of a 
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INCRETE STAIRCASES IN THE RITZ-CARLTON HoTFL, New YORK. 


complete staircase made at one operation. The soffit was plastered in the upper 
storeys and basement, while in the cellar it was simply rubbed to give a finished 


арреагапсе. No form was used for the treads, and the surface for the entire width 


— 
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a 
of 3} ft. was hard trowelled. All risers and exposed strings were rubbed unti! smooth 
the stairs were primed and enamelled. 

The lower and upper ends of each staircase are supported directly on the floor 
and beam construction of the building. 

All reinforcement consisted of square cold-twisted steel bars, on which a unit 
tensile stress of 16,000 lb. per sq. in. was allowed. The longitudinal reinforcement 
consisted of j44-in. square bars spaced 2} in. on centres on the two side sections of 
each staircase, and j75-in. rods 10 in. on centres for the middle portion. 

A 1:2:4 mixture of cement concrete poured at a medium wet consistency was 
used, and a unit compressive strength of 400 lb. per sq. in. was allowed. 

The Turner Construction Co., of New York, were the contractors for all the 
reinforced concrete work in the building, including the staircase above described. 


REINFORCED CONCRETE COAL BUNKERS AT LARNE, IRELAND. 


SOME coal bunkers have recently been erected on the Coignet system of reinforced 
concrete construction at Larne, in the north of Ireland, for the British. Aluminium 
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Plan and Sections. 


REINFORCED CONCRETE COAL BUNKERS AT LARNE, IRELAND. 


Co., Ltd., the contractors and licensees of the Coignet system being Messrs. The 
Irish Armoured Tubular Flooring Co., Ltd., of Belfast. 

As shown in the accompanving plans, these coal bunkers are composed of two 
suspended hoppers in reinforced concrete. The total width of the structure is about 
15 ft., and the length about 40 ft., with a total height of approximately 35 ft. The 
work is supported by six reinforced-concrete pillars braced together by means of 
beams. 

The thickness of the upper pancls is 4 in., and the thickness of the lower panels 
forming the hoppers is 6 in. Both contain a meshwork of bars, and the load is 
distributed from the panels on to the beams and posts. 
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The working drawings and the scheme were prepared by Messrs. Edmond 
Coignet, Ltd., reinforced concrete specialists, of 20 Victoria Street, S.W., under the 
instructions of the engineer of the British Aluminium Co. 

The Coignet system has already been very cxtensively used by the British 
Aluminium Co. for their new works at Kinlochleven, where a series of enormous 
bunkers have been executed, and a large number of bunkers of various sizes. These 
works have already been described in one of our former numbers. 
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Longitudinal Section. 


REINFORCED ConckFTE COAL BUNKERS AT LARNE, IRELAND. 


REINFORCED CONCRETE RETAINING AND PARAPET WALL AT 
BIRKENHEAD CORPORATION GASWORKS. 


THE wall shown in our illustration on page 793 has a total height of 27 ft. 6 in., and 
is 159 ft. long. It retains a depth of earth of 17 ft. 6 in., the upper 1o ft. of height 
acting as a parapet or boundary wall to a passage formed between the wall and the 
vards of existing cottages. Consequently, the wall sustains the combined load due 
to the carth and the pressure due to the existing buildings. 

The retaining wall portion is 1 ft. 6 in. in thickness, and is reinforced with No. 2 
rib-mesh Expanded Steel; the boundary wall portion is 6 in. in thickness, and is 


792 


Digitized by Google 


сч! 


CONSTRUCTIO 
& ENGINEERING — 


reinforced with No. 4 rib-mesh Expanded Steel. 


the Expanded Metal Co., Ltd., 


REINFORCED CONCRETE RETAINING WALL 


The lower portion of the wall has an 


REINFORCED CONCRETE RETAINING WALL AT BIRKENKEAD CORPORATION GASWORKS. 


additional layer of re- 
inforcement, bent to 
radius, which serves. 
to take up the bending 
moment at the heel, 
and it jis further 
strengthened by two 
diagonal layers to take 
up the compression 
stresses at the same 
place. 


The wall is buried 
in the soil to a depth 
of 4 ft. 6 in. ; and the 
toe. which extends. 
1 ft. 6 in. below that 
level, and is provided 
to resist lateral move- 
ment, is also rein- 
forced with No. 2 
rib - mesh Expanded 
Steel. 

The raking but- 
tresses, I ft. 3 in. wide 
on face апа spaced 
10 ft. centre to centre, 
taper from the angle- 
of the base at the 
bottom to meet the 
coping at the top. 


A concrete stair- 
case, reinforced with 
No. 8 diamond-mesh 
Expanded Steel, was 
built on the face of 
the wall to give access 
from the lower or yard 
level to the upper or 
passage level. 

The wall was con- 
structed by direct 
labour under the 
supervision of Mr. T. 
O. Paterson, M.Inst. 
C.E., engineer to the 
Birkenhead Corpora- 
tion Gasworks, and 
the success of the 
work demonstrates the 
simplicity and effici- 
encyof Expanded Steel 
reinforcement in the 
hands of ordinary 
labour under proper 
supervision. 

The Expanded 
Steel was supplied by 


of London and West Hartlepool. 
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REINFORCED CONCRETE RETAINING WALL, HOPE STREET 
IMPROVEMENTS, LEEDS. 


THE wall shown in our illustration is reinforced throughout its length with 3-in. 
diamond-mesh Expanded Steel, and a considerable quantity of similar reinforcement 
was also used in the concrete cover to a culvert under the roadwav. 

Mr. W. T. Lancashire, A.M.Inst.C.E., City Engineer, was responsible for the 
work, which was carried out by Mr. Paul Rhodes, contractor, Skinner Lane, Leeds. 
The Expanded Steel was supplied by the Expanded Metal Co., Ltd., of London and 


West Hartlepool. 
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REINFORCED CONCRETE RETAINING WALL, HOPE STREET IMPROVEMENTS, LEEDS. 
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By CONSTRUCTIC AD ARTISTIC CONCRETE 


Go 


NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will te presented as to new uses to which concre:e 
and reinforced concrete are put, with data as o experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleerers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork where structures of great height are required.—ED. 


ARTISTIC CONCRETE. 
THE examples of the application of concrete for general purposes in the country, 
given from time to time in this journal, have more generally referred to the farm. 
We have only occasionally described its application in works of a more extensive and 
artistic character, such as for gardens, terraces, conservatories, and the like. 

We are now presenting a few illustrations from the United States of some recent 
applications of concrete to the artistic purposes of that class of country property 
where, as a rule, expense is no object. Even in such cascs it would seem that concrete 
can be applied most usefully and artistically. Owing to its monolithic character, it 
lends itself best to a monolithic type of architecture, as, for instance, for large areas 
of wall space, unbroken by joints, and at the same time capable of very varied forms 
of treatment. Different effects can be obtained by different surface finishes and by 
differcnt sizes of aggregates. 
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AN EXAMPLE OF CONCRETE GARDEN WORK. 


NEW USES FOR CONCRETE. 


$ We give two examples of entrances—a park entrance and a garden gate ; also a 
fine illustration of a terrace, another of ordinary garden wall work broken with gate- 
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EXAMPLES or CoNcRETR GARDEN WORK, 


ways and archway openings, and an eminently practical example of large conserva- 


tories and frames. 


Anyone seeing these examples will easily realise that any possible adaptation of 
concrete is applicable to English property, and the owners of our great country estates 
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will also be well advised to think of the advantages of concrete outside estate work 


proper and farm work, and its use in their parks and gardens. 
All the work illustrated in this article was carried out by the Aberthaw Con- 


struction Co., of Boston, U.S.A. 
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NEW BOOKS 


AT HOME AND ABROAD. 


A short summary of sone of the leading books which have appeared during the last fes» months. 


*" Building in London." By Horace Cubitt, 
A.R.I.B.A., P.A.S.I., with special chapters 
by H. J. Leaning, F.S.]., and Sydney А. 
Smitb, F.S./. 


London: Constable & Co., Ltd., 10 Orange Street, 
Leicester Square, W.C. Price 31/6 net, 800 рр. + x*. 
Contents.—County of London, Extent and 
Administration Acts, By-laws, and 
Regulations—Streets and Sanitation 
—Frontage, Height, and Air Space— 
Construction— Provisions Affecting 
Both New and Existing Buildings— 
Miscellaneous Provisions—Cost of 
Building Work (by H. J. Leaning)— 
London Property, the Valuation, 
Development, and Rating (by Svd- 
ney A. Smith). 

The consideration of the various Acts 
and by-laws in the County of London is 
of the greatest importance to architects 
and engincers engaged in actual practice, 
and the designer is hampered by so many 
restrictions and regulations that he is in 
great danger of finding his design being 
rejected or amended by the powers that 
be unless he has had considerable experi- 
ence in London work. Unfortunately 
there are so many different interpreta- 
tions put upon the same clauses by the 
district surveyors in different districts 
that the designer is never quite sure of 
his position when coming in contact with 
work in a part of London not previously 
dealt with, and the only safe course for 
him to adopt is that of thoroughly dis- 
cussing his scheme with the surveyor 
before the work 1s actually commenced. 
We know full well that certain surveyors 
are particularly keen on certain clauses 
which in other districts are dealt with in 
quite a lenient manner, and thus the 
architect is for ever mecting with some 
new difficulty which he was not called 
upon to mect in previous cases. Now 
this book has the great recommendation 
that it brings together all the various 
Acts which apply to building work, and 
thus the work of reference is much 
facilitated and the way of the designer 
made easier. The inclusion of the actual 
text of the requirements, in addition to 
the author’s explanation, was absolutely 
essential, and had this portion been 
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omittcd we have no hesitation in saving 
that the volume would have been quite 
incomplete, and much of its value lost. 
The explanation of any statutory requirc- 
ment is so often based upon what thc 
writer considers to be the spirit of that 
requirement, whilst the authorities will 
as often insist upon the actual letter of 
the requirement, whether or not such 
requirement is necessary, that many pit- 
falls wavlay the professional man who 
does not study the requirement for 
himself. | 

As now produced, however, the reader 
may look up the author's explanation 
and gain an idea of how the rcquirement 
may be interpreted and complied with, 
and at the same time he can refer to the 
actual text of the requirement, and decide 
if such explanation is open to апу 
opposition from the person under whosc 
supervision and to whose satisfaction the 
work is to be carried out. There arc 
some instances in which the letter of the 
Act can be complied with, while at the 
same time the rcal object of the require- 
ment is not attained. Take, for instance, 
the case in which the ground floor of a 
building is to be divided into two shops. 
Now, if these two shops are entered from 
the same lobby they are deemed to form 
one building, and there is no restriction 
as to the dividing partition, but directly 
they are entered from separate lobbies 
they are considered as separate buildings, 
and the divisions must be formed as 
party divisions. If, however, in the 
latter case a doorway is formed in the 
partition the shops become one building, 
and the restriction ceases. This often 
leads to the door being formed when it 
is not really required in order to avoid 
the restrictions, and the tenants will 
fasten up the door, and it might, and. 
in fact, it would, have been better to have 
omitted it. This we mav call compliance 
with the letter and not the spirit, and 
such little methods are chiefly acquired 
bv experience. 

The author of this volume has, how- 
ever, given many valuable interpretations 
and much advice which should prove a 
great help to the professional men who 
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arc in any way connected with building 
matters. 

The inclusion of a few notes as to 
calculations, we feel, was unnecessary, 
and can hardly be justified. A little 
knowledge is a dangerous thing, and we 
feel that these notes would be quite use- 
less to enable anyone with a very limited 
knowledge to make calculations which 
would be of any value, and at the same 
timc the notes would not be required by 
one who was well versed in the subject. 
The latter person is the one who should 
be consulted on a point of structural 
design, and the former would be well 
advised to study the subject thoroughly 
before attempting calculations for actual 
work, and this can onlv be done by a 
course of systematic training. 

The method of reference employed in 
the book, we feel, is very good, and it is 
a point which is far too often overlooked 
in works of this kind. 

Generally speaking, we consider the 
volume to be very useful, and have no 
hesitation in saying that the outlay 
entailed in its purchase will not be 
regretted, but rather that it will prove 
of great assistance in the daily routine, 
and facilitate the work of the reader. 


" Engineering Estimates, Costs and Ac- 
counts." y & General Manager. 


Third Edition, revised and corrected. London- Crosby, 
Lockwood & Son, 7 Stationers’ Hall Court, Ludgate 
Hill, Е.С. Price 7/6 net. 8vo. xx-256 рр. 


Contents. — Introductory — Estimates 
Technically Considered—Estimates 
Commercially Considered—General 
Examples—Indirect Expenses—Mill- 
wright Work—Shafting and Coup- 
lings—Cast-Iron Belt Pulleys—Rope 
Pulleys—Toothed Gearing—General 
Contracts— Miscellaneous Produc- 
tions—Pumps—Hoisting Machinery 
—Hvdraulic Presses and Pumps— 
Bleaching Machinery— Brickmaking 
Machinery— Valves and Taps—Prime 
Movers— Steam Boilers—Costs Book- 
keeping—Table of Wages of Engi- 
neering Labour in London and Other 
Centres. 

The subject of estimating for engineer- 
ing works is of the utmost importance to 
all in the industry, but it is surprising how 
few persons have any knowledge of how 
cagineering estimates are prepared. In 
concrete works there is opportunity for 
much useful information to be divulged 
by those who know, but this book does 
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not help quite in that specialised direc- 
tion. The book deals solely with mechani- 
cal engineering. As regards that it is a 
good book and it throws much light in a 
gencral way on the manner of preparing 
estimates which will help anyone in the 
engineering industry. 

“Reinforced Coacrete Beams and Columns." 

By W. Noble Twelvetrees. 


London: Pub'ished by Whittaker & Co., 2 White Hart 
Street, Paternoster Square, E.C. Price 6/- net. 
167 рр. + х. 


Contents. — Bending Moments and Stresses 
іп  Beams— Horizontal Reinforce- 
ment in Beams—Web Reinforcement 
in Beams—Columns and Struts— 
Column Bases—Complete Floor Cal- 
culations — Permissible Working 
Stresses— Materials and Construction 
—Labour-saving Diagrams. 


This volume is confined to the design- 
ing of beams and columns, as may be 
gathered from the title, and therefore its 
value is a limited one, and it is hardlv 
likely to be adopted either as a text- 
book {ог students or as an essential 
reference book by the majority of con- 
crete engineers. 

Generally speaking, the labour-saving 
diagrams are the chief feature, and a 
great deal of the text is devoted to their 
explanation and examples showing their 
actual use in practice. These explana- 
tions are very clear, and should enable 
anyone to use them with intelligence, 
thus saving a great amount of time and 
labour in actual calculations. There is 
one thing which, wc fecl, should have 
been different, and that is the table of 
notation. It is a great pity that authors 
do not attempt to standardise some form 
of notation which would in time become 
general, and greatly help to put rein- 
forced concrete formule and calculations 
on some sort of a universal basis. The 
Concrete Institute has prepared a table 
of notation which has been well received 
and adopted by a great number of 
engineers, and we fail to see why anv 
writer should adopt a different table. 
The author of this volume himself dce- 
plores the lack of agreement that exists 
over this very same point in his small 
book entitled “ Simplified Methods of 
Calculating Reinforced Concrete Beams,” 
and also on page 162 of this book, and 
yet he is not adopting the form which 
has been approved by the majority of 
enginecrs interested in the subject” 
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The explanations of the construction 
of the different formule should be of 
value to those who are not very con- 
versant with reinforced concrete calcula- 
tions, and the author has gone to great 
trouble to express matters in a simple 
way, and for thiz reason the volume is to 
be recommended. 


Examination Work in Building Con- 
struction. By Henry Adams. M.Inst.C.E.. 
etc., late Professor of Engineering, City of 
London College. 


Published by the Author, 60 Queen Victoria Stree’. 
Е.С. Large quarto. 56 paves. Price 2/6 net. 


Professor Adams is, of course, a well- 
known author on technical subjects, and 
he has had great experience in teaching 
both building and enginecring students, 
and as an examiner in such subjects. 
This book deals with questions set in the 
examinations of the Society of Archi- 
tects, and the answers to the questions 
given will certainlv be useful to students 
of building construction. We notice that 
Professor Adams shows a good many 
examples of plain concrete work in 
foundations and in floors and roofs. He 
also shows fire-resisting. floors of steel 
joists and concrete, and also of reinforced 
-oncrete. The drawings are excep- 
tionally clear, and Professor Adams's 
contributions of this kind are always 
interesting and worthy of close study. 
He has the happy knack of conveving 
information in the clearest and most 
direct manner. 


EFFICIENCY ENGINEERING. 


“Motion Study." By Frank B. Gilbreth, 
M.Am.Soc.M.E. 

London-- Constable & Co., Ltd. 
xxiv-116 pp. 


Contents. — Introduction — Description 
and Gencral Outline of Motion Study 
—Vaniables of the Worker— Variables 
of the Surroundings— Variables of the 
Motion— Past, Present and Future 
of Motion Studv. 


Price 4/6 nett. Svo. 


This wor& is verv important. Mr.Robert 
Thurston Kent, the editor of '' Industrial 
Engineering,” who has written the intro- 
duction, goes into panegvrics about it. 
It certainly awakens very considerable 
interest, for it touches on a verv great 
problem | and affects economics. Mr. 
Gilbreth has for years carefully studied 
means by which to increase the efficiency 
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of the worker and he has succeeded in 
devising means by which the output of 
work can be very greatly increased, 
generally doubled and often increased 
fourfold, by reducing the number and 
arduousness of the motions gone through 
by the worker in executing his work. 
There is, no doubt, tremendous waste of 
energy in every walk of life, and efficiency 
engineering is a study that has particu- 
larly appealed to Americans. Mr. Kent 
says: “Some day an intelligent nation 
will awake to the fact that bv scientificallv 
studying the motions in its trades it will 
obtain the industrial supremacy of the 
world. We hope that that nation will be 
the United States." No doubt there is 
vastly more to be gaincd in this direction 
than by husbanding our natural resources. 
There is waste of power and wastage bv 
natural forces, but it is small compared 
to wastage of human effort. Therefore. 
we give every praise to Mr. Gilbreth—an 
American engineer contractor who has 
specialised in increasing efficiency—íor 
what he has done in directing our thoughts 
in this direction. 

Mr. Gilbreth does not waste his energies 
in attempting to show the application of 
his method to many industries which 
could only result in want of pertinency. 
He takes one trade, namelv bricklaving, 
and shows how he has managed to increase 
the output of the worker bv devising a 
scaffold and way of stacking and handling 
bricks that do not require so much 
stooping, bending and turning on the 
part of the worker, and how he can be 
trained to do his work with less move- 
ment of the tools and hands. The only 
thing that specially strikes us apart from 
the general character of Mr. Gilbreth's 
text, is how badly American brickwork is 
done, there being little or no bond in the 
walls. However, that does not interfere 
with the lessons Mr. Gilbreth has to teach. 
One example of what can be done bv 
attention to the smallest «details is 
familiar to all—7.e., the reduction in time 
now needed by firemen in which to turn 
out of the station fully equipped. That 
specding-up can be done everywhere, and 
our public officials and private officers 
might alike with infinite profit learn the 
lesson taught by Mr. Gilbreth. 
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MEMORANDA. 


Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will Һе welcome.— 


Technical Institutions.—The Westminster Technical Institute, Vincent Square, 
Rochester Row, S.W., have sent us their prospectus and time-tables of evening 
classes for the session beginning September 18th. Among the many technical subjects 
dealt with at the institute are civil engineering in all its branches, gas engineering, 
architecture and construction. On Wednesdays, from 8.15 to 9.30 p.m. an advanced 
class for structural engineering is held, in which a course on reinforced concrete 
calculations is given. 

The Regent Street Polytechnic, owing to its having been rebuilt and enlarged, 
has improved facilities for both day and evening instruction, and newly equipped 
workshops and laboratories have been provided. To prevent loss of instruction to 
anyone who cannot attend all the classes, arrangements have been made whereby, 
for a reasonable number of times, the classwork and homework will be sent to the 
student on application. Tutorial classes are held every Thursday evening in con- 
nection with the regular instruction, which are of special advantage to the students 
in keeping up with the regular work of the session and in overcoming individual 
difficulties. 

Concrete Lamp Posts.—A number of concrete lamp-posts have been erected 
at Ann Arbor, Michigan, at a cost, exclusive of labour and material for making the 
forms, of $7.48 (about 31s.) per pole. The posts are 25 ft. long, 8 in. in diameter 
at the base, and 5 in. at the top, and are reinforced with four #-in. steel rods, one 
at each corner. They weigh 1,185 lb. each. Single or buck arms, bored for $-in. 
bolts to support the line wire insulators, are cast into the poles at a distance of 6 in. 
from the top, for which purpose 1}-іп. by $-in. by 18-in. steel angles are used. The 
lamp bracket is carried on three J-in. bolts, which are cast into the concrete 19 ft. 
from the butt of the pole, and the lamps are hung 12 ft. above the kerb. The con- 
crete was formed of 1 part Portland cement, 2 parts sand, and 4 parts 3-in. crushed 
limestone. The cement was mixed wet, and was poured and trowelled into the 
form. The posts were allowed to set two days, and then to lie on the form base 
for four days longer. Afterwards they were seasoned for 10 days before being 
erected. In making 100 of these poles 30 tons of crushed stone, 18 bushels of sand, 

47 bushels of cement, 4,300 lb. of reinforcing steel, and 600 lb. of cross-arm steel 
were used. The cost of the material was $326.84.—The Times. 

Remarkable Excavator for a Hungarian Cement Works.—An excavator has 
lately been installed in the clay pits of a cement words in Hungary which is worthy 
of note not only on account of its design but also for its great capacity, as the 
bucket guide alone has a length of 125 ft. The clay beds are composed of a com- 
paratively light material, in layers of clay more or less sandy and moist, but 
not sticky, which lies in sixteen clearly defined horizontal layers, the upper ones 
being richer than the lower. The material was formerly excavated and mixed by 
manual labour, but some years ago it was determined to substitute mechanical 
methods. In order to keep the works supplied with material of a uniform nature 
it was necessary to extract it from the beds—which have a thickness of 66 ft.—in one 
single clean cut instcad of working at different levels. This could naturally only be 
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done by an excavator of unusual design and of very large dimensions, and such an 
appliance has been supplied by the firm Adolf Bleichert & Co., London and Leipzig, 
which is shown in the accompanying illustration. 

This engine works at a distance of about 1,315 ít. from the engine-house on a 
track 920 ft. long, and transfers the extracted material from two large drop chutes 
into trucks running on a chain railway for conveyance to the mill. 

The frame of the excavator is made up of rolled sections and strong plates, and 
is well stiffened by strong cross and diagonal bracings. The bucket chain is driven 
by an alternating current motor of 75 h.p. The movements of the bucket chain, 


Bleichert 


EXCAVATOR FOR CEI ENT WORKS. 


the travelling of the excavator, and the raising and lowering of the bucket guides 
are quite independent of each other, and can be worked either simultaneously or 
successively. The movement is transferred to the bucket chain by two drum sheaves 
provided with teeth. A belt drive and toothed wheel drive are inserted between 
these sheaves and the driving motor. The belt is protected from the influence of 
the weather by plate casing, and, as is usual, the bucket guide is raised and lowered 
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by means of a drum winch. Dredge buckets are employed for digging out and 
carrying the material, which are made in one piece from pressed steel plates having 
a bent shape and discharging to the rear. A knife 15 screwed on the blade side, which 
can be easily sharpened or exchanged. The matcrial handled is transferred from 
the excavator shovels to the loading pockets, from which it is drawn off into chain 
railway trucks. 

The working angle of the excavator guide is 47:5 degrees ; the track is horizontal, 
with a gauge of about 1o ft. The distance from centre of the travelling track of 
the excavator to the centre of the chain railway is nearly 14 ft. The projection 
of the counterweight is about 50 ft., and the counterweight itself, which consists of 
paving stones, weighs 40 tons. The bucket guide, as already mentioned, has a length 
of 125 ft., with a dredger depth of about 65 ft. Pendulum feet are fitted on the rear 
side of the counterweight, which rest when the excavator guide is relieved at any 
time, and in this manner carry the main part of the counterweight. 

This excavator is an engine of quite exceptional character, and, in spite of its 
unusual size, we are informed that it has proved most reliable and successful in 
working. 

Applying Cement Mortar by Compressed Air. — Whcn concrete or cement mortar 
is applied as a protective covering to structural steel work, the ordinary method is to 
surround the steel members with wooden forms and pour the wet mixture into place, 
some form of wire mesh or metal lath being employed as an anchorage ; but a radically 
different arrangement is adopted in covering the steel work which forms an important 
feature of the reconstruction of the Grand Central Terminal yards of the New York 
Central and Hudson River Railroad in New York Citv. 

The essential parts of the “ cement gun ” there used consist of superimposed stec] 
tanks forming two compartments, from the bottom of which a dry mixture of sand 
and cement, entirely under the control of the operator, is ejected by compressed air 
through a hose line carrying a nozzle at its discharge end. To this nozzle a second 
and smaller hose delivers a supply of water under pressure. The mixture of sand, 
cement, and water shoots out of thc nozzle orifice with considerable force and impinges 
upon the surface of the steel work at which it is pointed. The mortar issuing in the 
form of a spray adheres to the surface of the steel and forms a coating which тау be 
made as thick as desired. 

The discharge of the cement and the sand is regulated by varying the specd of 
a large fecd wheel at the bottom of the lower compartment, which has deep notches 
around its entire circumference. This wheel is revolved by a small compressed air 
motor, and the small charges of the sand and cement mixture collected in the notches 
or pockets around the periphery of the wheel are fed successively into the rapidly 
moving stream of air which issues from the inlet connection. The material is blown 
through a curved outlet, and passes thence into the hose line supplving the discharge 
outlet of the gun. The quantity of air required for working the gun depends upon the 
conditions under which it operates and the nature of the work to be done, and this is 
also true of the water used to hvdrate the cement. The nozzle through which the 
mixture is discharged is designed to secure the thorough hydration of the cement, 
and that portion of it which is exposed to the abrasive action of the sand is lined with 
a composition that can be readilv replaced as wear takes place. The water comcs in 
contact with {һе mixture of cement and sand just as it passes through the nozzle, 
which is furnished with an annular chamber from which the water is sprayed under 
pressure from a series of carefully proportioned orifices, and the hydration is begun 
there and continues until the surface to be covered is reached. 

The mixture issues from the gun nozzle at a velocity of about 350 ft. a second. 
and when it strikes the steel surface the large and coarse grains of sand rebound until 
the thin film of fine cement mortar which immediately adheres to the stecl offers а 
plastic base in which the coarse particles become embedded ; the mixture then builds 
up to any desired thickness upon this film. It is apparent, therefore, that when the 
swift moving stream of material hits the steel surface, and between that time and the 
instant when the mortar cover begins to build up, there is a tendency for the sand 
grains to clean off any rust after the manner of an ordinary sand blast. The deposition 
of the thin film of cement against the steel is advantageous, as it secures an excellent 
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Illustration shows our 15 in. х 431b. Piling in use on the 
new Embankment Wall at Millbank, Westminster. 

The dam shown is 210 feet long by 13feet wide. The piles 
at front are 44 feet long, and at back 41 feet. These 
were driven through river ballast and sand into London 
clay. Same will be withdrawn and used three times. 
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bond and makes an efficient protective covering over the metal. As the cement is 
literally shot upon the steel a coating of great density is secured, while the force of the 
impact drives out all superfluous water, and the concrete takes its initial set in a very 
short time, all possibility of voids or air pockets being avoided.—7 he Times. 

Economical Proportloning of Concrete. —The following remarks by Mr. Sand- 
ford E. Thompson, Consulting Engineer, of U.S.A., regarding proportioning of 
concrete, are useful :—‘‘ Economical proportioning of concrete does not always 
consist in using the leanest possible mixture. If the quantity to be laid is 
small, it is sometimes cheaper to use materials at hand, selecting the pro- 
portions arbitrarily and adding an excess of cement to ensure the required strength 
and watertightness, rather than to make the tests required for the more scientifically 
proportioned mixture. On the other hand, upon large or important work it pays 
from the standpoint of dollars and cents to make thorough studies of the aggregates, 
carefully grading the materials so as to use the smallest possible quantity of cement, 
which is always the most expensive ingredient. 

““ The fact has been seriously overlooked in the past, and thousands of dollars 
sometimes have been wasted on single jobs by neglecting laboratory tests and studies 
ог by errors in theory. By adjusting the proportions of the aggregates instead of 
sclecting them arbitrarily a concrete of equal density, strength, and watertightness 
may be made almost always with the use of less cement. Оп a certain job, for 
example, where watertight concrete was required, a net saving was effected of 74 cents 
per cubic yard by carefully grading the materials, the resulting concrete being as 
watertight as the richer mixture, having proportions selected by judgment." 


TRADE NOTICES. 

Dentile Hollow Floor Construction. — The Indented Bar and Concrete Engineering 
Co., of Queen Anne’s Chambers, Westminster, have taken over the patent rights of a 
new form of fire-resisting floor. This is known as the Dentile hollow floor construc- 
tion, and is composed of hollow tiles reinforced with Indented bars. 

Three different types of floors mav be constructed on this system to suit different 
conditions. In that known as the “ Mitre " method, each unit consists of four wedge- 
shaped portions which fit accurately together and form a closed hollow block. By 
this means reinforcement can be used in both directions, thus making it possible to 
have a very large span without beams. The whole under-surface of the floor is com- 
pletely covered by the tiles, which are roughened to receive plaster, no concrete 
being exposed. 

Another method, known as the “ Bridge " tile, is intended for use on small spans 
in which the reinforcement only goes one wav. It affords a complete tiled surface on 
the underside of the floor for the reception of plaster. 

The third type, known as the “ L ” tile, is adapted for use with a two-way rein- 
forcement. 

Among the advantages claimed for this method of floor construction are lightness, 
rigidity, the fewer beams required, and the additional amount of head-room obtainable. 


‘*‘Ceresit’’ Waterproofing.— A steady increase in the use of '' Ceresit"' for water- 
proofing purposes has been noted during the present vear, a large number of repeat 
orders having been received from Government Departments, railway companies, and 
other public bodies. At the moment '' Ceresit ” is being employed by the London and 
North-Western Railway Co. for the waterproofing of two passenger subwavs at Stone- 
bridge and Bushey, and Messrs. Vickers, Ltd., are about to use it for a large tank 
which they are to construct at St. Albans. The tank, which will be of concrete, will 
be rendered with '' Ceresit ” mortar varving in thickness from 1} in. to 2 in., the 
total area of the rendering being 2,022 sq. yds., for which 500 gals. of “ Ceresit ” will 
be required. 

A New Method of Steel Piling.— The Side-Groove Steel Piling Supply Co., of 
16 Water Lane, Great Tower Street, London, E.C., have sent us particulars of their 
method of piling which has just been put on the market. The superiority of steel over 
wood piling has been firmly cstablished, and there are also occasions when it is more 
practicable than reinforced concrete piles, particularly when very hard soil is met with. 
The utility of steel piling for cofferdams is also well known. There is also a large field for 
its use in harbour and dock walls, sea defences. canal, reservoir, and irrigation works. 
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In such cases it can either be employed alone or in conjunction with reinforced 
concrete construction. In building docks, wharfs, and sea-walls the stec! can be 
faced with concrete without the cost of special moulds. The concrete prevents anv 
possible corrosion of the metal, and also increases the strength of the structure. The 
two combined, while saving much in the cost of masonry, give the maximum strength 
with the minimum structural load on the subsoil. 

The patent side-groove steel piling and oval bulb sheetings were designed bv 
Mr. К. Н. Annison, after many years’ experience with river, dock, and canal works, 
upon curves entirely free from angles liable to fracture. The pile bar, of which a 
section is shown in our illustration, is calculated to withstand driving into the hardest 
soil, whilst the side grooves ensure a straight drive, the thick claws coming well over 
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the sheeting which passes between them. The clearance given allows of free driving 
without play when naturally caulked by soil, but at the same time it is sufficient to 
enable the gradual contour of a river embankment to be followed without straining the 
claws of the pile. The oval bulb sheetings reduce the stress of driving to a minimum. 
The combination of side-groove stecl pile bars and oval bulb sheetings is held by the 
designer to provide the greatest strength against direct overturning, as wellas lateral, 
stresses. 

An advantage claimed by the makers of the side-groove steel piling is that their 
pile bars, being in most instances sufficient to retain the work in position and with- 
stand all stresses, the sheetings can be stopped at any required point or upon reaching 
self-sustaining soil. Extensive economy is thus effected by the saving in weight, 
both in material and transport. 

The sheetings are manufactured in two widths, 20 in. and 18 in., giving 22-in. 
centres and 19]-in. centres respectively. The weights assembled vary from 33:0 to 
45% lb. per ft. super, according to the depth the shecting is carried down. All the 
sections are of British standard material. 
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EDITORIAL NOTES. 


FIRE-RESISTING CONSTRUCTION FOR THEATRES. 


E have received from the British Fire Prevention Committee a copy of its 

\ \ report, No. 157, dealing with the Edinburgh Theatre fire of May last. 

Whilst the problem of planning a theatre only indirectly concerns us, we 

think that this is an opportunity to point to the importance of architects who are 

responsible for theatre construction studying to a greater extent than heretofore 

the great advantages of using reinforced concrete, where not only fire resistance 

is a matter of importance, but constructional difficulties are met with that can 
be most economicallv overcome bv the application of reinforced concrete. 

The report before us, which is profusely illustrated, shows a building largely 
constructed of brick, with some slight use of steel girders and an undue profusion 
of timber work. 

There is not the least reason whv a building of this kind should not be 
constructed practically entirely of reinforced concrete, or that at least a large 
part of the tiers, the staircases, the majority of the floors and the entire roofing 
should not be of that material. 

In the photographs shown in the report the wall for the proscenium open. 
ing is covered with an unprotected steel girder; the whole of the roof over 
the stage shows charred timbers. Poor construction of this character was not 
even necessary when the building was erected more than fifteen years ago, but 
it is entirely out of place in new buildings erected to-day. 

Unfortunately, however, poor construction of this description is even being 
applied in theatres during the present year, and it might be well if one of the 
results of the sad fire in Edinburgh were some legislative action for the whole 
of the United Kingdom and Ireland prohibiting second-class dangerous con- 
struction of this kind, and making the use of fire-resisting construction throughout 
a theatre building compulsory. Given such compulsion as to fire-resisting 
construction, there is no doubt that most theatres would then be erected in 
concrete and reinforced concrete, and that the risk to life both for the audience 
and for the stage personnel would be materially reduced. 


SOME AMERICAN VIEWS ON FIRE RESISTANCE. 
THE Concrete Institute opened its new session with a particularly interesting 
evening meeting at Denison House, Westminster, under the chairmanship of 
Sir Henry Tanner, C.B., when Mr. Richard L. Humphrey, President of the 
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National Association of Cement Users of America, lectured on ‘ Fireproofing,” 
and illustrated his observations with a most remarkable set of lantern-slides 
taken from notable American fires, in which the relative fire-resistance of terra- 
cotta, concrete, and other materials was shown. 

The lecture was well deserving of a large and extensive attendance of all the 
interests concerned, and the subject should, even when addressed to one par- 
ticular class of hearers—namely, the members of the Concrete Institute—bear 
fruit by its weighty and indisputable arguments in favour of the use of concrete 
for fire-resisting purposes. 

It was a pleasant feature of this particular paper that Mr. Humphrey dwelt 
on the beneficial effect in the United States of the English investigations on the 
question of fire-prevention conducted by the British Fire Prevention Committee, 
which is another proof of the benefits to be derived from this particular class of 
research work. 

INTERNATIONAL TESTING ASSOCIATION. 

SoME months back we referred to the impending course of the International 
Testing Association to be held in the United States in r9r2, and suggested that 
some mutual action should be taken by the British Members Association in order 
to assure Great Britain's being properly represented at that course by workers 
of influence. We even ventured to indicate that a meeting of the British members 
would not be out of place, but apparently nothing has been done as yet in this 
direction. 

The time is rapidly approaching for putting in British contributions either 
in the form of communications or papers, and also for handing in any proposed 
resolutions. 

Great Britain plays an important róle in the production of Portland cement, 
in the investigation of that material, and latterly, also, in its application in 
concrete both ordinary and reinforced. Further, the number of British members 
in the International] Testing Association connected directly or indirectly with 
Portland cement and in concrete are comparatively numerous, and we would 
thus remind them of the advantage of mutual action. 

There does not seem to be the least reason why Portland cement specifica- 
tions and tests should continue to be drafted mainly under German influence, 
nor 1s there the least reason why the technical nomenclature or signs of calculus 
should be mainly the French ones for the Continental countries, and the American 
ones for the English-speaking countries ; surely the efforts of the Concrete Institute 
in this direction should be strongly supported at the American meeting. 

There are numerous other points of interest to this country, but it would 
lead too far to enter into them. Expressed plainly, however, apathy regarding 
the work of the International Testing Association often means that Great Britain 
has to take, quite unnecessarily, a back seat, that our captains of industry meet 
with inconvenience, and that our export houses are becoming more and more 
handicapped in their efforts to control the trade of the world. The sooner those 
concerned wake up to the importance of meetings of the Association, and the 
extraordinary influence that has been brought to bear upon them during the 
last decade by Germany and America in particular, the better for the develop- 
ment of certain of our industries. 
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THE DESTRUCTION OF THE AUSTIN DAM. 

THE destruction of the Austin Dam on September 3oth last has been the subject 
of a considerable amount of erroneous information in the popular and technical 
=- Press at home. The dam has been in many cases described as of reinforced 
concrete. It was nothing of the sort. It was a concrete structure which had 
at certain points been slightly reinforced with metal, but to describe it as con- 
structed of reinforced concrete is quite inaccurate. Secondly, certain other 
papers commented upon the accident as being due to the fact that it was of 
concrete. This, again, is erroneous, for the failure was not due to the body of 
the dam at all, but to unsatisfactory foundations. Besides, the dam had already 
failed to a certain extent long before the disaster of September 3oth, and, owing 
to delay for some inexplicable reasons, the damage had not been made good. 

It is an unfortunate sign of the times that in the haste and hurry prevalent 
in the newspaper Press such a vast amount of wrong information is constantly 
being printed, particularly on technical matters. It would really be a great 
deal better if, after reporting the fact of a disaster, the giving of reasons or causes 
were postponed until proper information came to hand, but by that time, no 
doubt, the period of the nine days' wonder would have elapsed, and the whole 
subject, no matter how serious, would slumber in forgetfulness. 

American technical papers have now come to hand, but they refrain from 
giving their own ideas on the subject except to reiterate the fact that it was due 
to faulty foundations, the dam having slid forward on its base until it toppled 
over. Full investigations of the disaster are promised by various American 
authorities, and we shall look forward with interest to their findings. 


WARRINGTON BRIDGE. 
AFTER many years' discussions in the Town Council and innumerable delays 
the reconstruction of Warrington Bridge has now assumed a practical form ; 
after a memorable fight in the committee rooms of both Houses of Parliament, 
extending over two sessions, the Royal Assent was obtained, the contract was 
let, and the first two piles were driven on October 5th by the Mayor and the 
Chairman of the Bridges Committee. 

The existing bridge is a fine stone structure and in good condition ; but as 
the distance between the inside of the parapets 15 only 28 ft., this width is far too 
narrow for the present traffic, especially as two tram lines cross the bridge. It 
was first proposed to widen the present bridge, but this plan being unsatisfactory 
in many ways, it was decided to rebuild the bridge in reinforced concrete. 

The new bridge has been designed by Mr. John J. Webster, M.Inst.C.E., of 
Westminster, who has adopted the Considére system of reinforcement in the 
construction. | 

The bridge will consist of a one-arch span 134 ft. clear between the abutments, 
the width between the parapets being 80 ft., consisting of a 60-ft. roadway and 
two IO-ft. footways. 

Eight main ribs will carry the roadway, and two outer ribs the footways, 
vertical posts on the ribs supporting the main longitudinal and transverse beams 
of the roadway deck or flooring upon which arelaid Jarrah wood blocks for the 
roadway and granolithic slabs for the footways. The ribs are parabolic in form, 
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their underside at the centre of the span being 17°42 ft. above low-water level, 
which is 9 ft. above ordnance datum, while the centre line of the mb at the springing 
is 5 ft. 6 in. above low-water level. The depth of the main ribs normal to the 
centre line at a point 5 ft. from the abutment is 3 ft., the width being 3 ft. 9 in., 
and the section at the centre is 2 ft. 9 in. deep by 3 ft. 9 in. wide, the ribs having 
cross bracing at intervals. The foot of the ribs is carried through into the abut- 
ments, opening out into well-bracketed counterforts which are attached to the 
base plate. The base plate is vertical for a depth of 5 ft. at the land side, and at 
an angle of 30 deg. to the horizon for a length of 16 ft., and is carried forward to 
form a horizontal platform 12 ft. wide for the dead-weight of the earthwork, the 
face next the river being vertical to form a river wall 12 ft. high. The whole is 
monolithic, and reinforced throughout with steel rods of varying diameter. The 
base plate rests upon nine octagonal reinforced concrete piles driven normal to 
the face of the base plate, the centre of the piles being in line with the resultant 
of the dead load stresses. The concrete piles are of the Considére tvpe, the 
spiral reinforcement protecting the pile to a large extent from the action of the 
falling monkey when driving. The vertical steel reinforcing rods of the piles are 
carried into the abutment. 

The top and bottom reinforcement of the main ribs consists of steel bars 
running longitudinally the whole length of the ribs, and of varying diameter and 
number according to the stresses. The spirals in top and bottom of the rib are 
9 in. in diameter by ү; in. and 1 in. diameter, pitched 2 in. 

The floor under the footpaths is of special construction, prepared to receive 
three water pipes I ft. 6 in. in diameter, three gas pipes 1 ft. 6 in. in diameter, 
compressed air pipes, telegraph and telephone cable ducts, etc. А deep-moulded 
cornice 1s fixed below the parapet handrail, consisting of ornamental moulded 
balusters, plinth, pedestals, top rail, etc. The handrailing is returned at the ends 
with a circular face leading to two tall pedestals and intermediate handrailing on 
the top of the river walls. The pedestals are то ft. high by 3 ft. 6 in. by 3 ft. 6 in. 
for carrying the electric lamps. The end pedestal is 8 ft. 6 in. high, 3 ft. by 3 ft., 
and carries an urn or other ornamental terminal. 

New river walls of reinforced concrete, strengthened by counterforts and 
anchor bars, are to be built on both sides of the river, surmounted by ornamental 
parapet-railing similar to that on the bridge. 

The cost of the bridge will be about £20,000, and it should be completed 
within two years. 

The contractors for the work are Messrs. Alfred Thorne & Sons, Westminster, 
the resident engineer being Mr. J. Mansfield Cobb, assisted by Mr. Grenville 
Hodgson, who will inspect and test all the material on the site. 
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The construction of the building described below 
consists of a combination of steel framing and rein- 
forced concrete, and the detailed particulars of the 
latter should be of interest to our readers. — 
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Tur new premises of the Royal Insurance Co. are now being erected in 
Lombard Street from the designs of Messrs. Gordon & Gunter, FF.R.I.B.A., 
and, although the general framing is being executed in steel only, many 
features of interest, from a constructional point of view, are being carried out 
on the Considére system of reinforced concrete. The adoption of this 
material for the parts of the work herein described is but another example 
illustrating the great value of reinforced concrete in modern construction, 
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Fig. 1. Elevation. 
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especially in London work, where the extreme importance of obtaining every 
available foot of floor space, together with economy and speed of erection, can 
hardly be overrated. The enormous progress made in recent years is well 
illustrated when we realise that the adoption of reinforced concrete in important 


Fig. 2. Plan of Ground FYoor. 
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buildings has now become the rule rather than the exception, and its use is daily 
becoming more frequent. 

The building described in this article has a total frontage to the adjacent 
thoroughfares of about 240 ft., the site being L-shaped and about тоо ft. long on 
the two main frontages, and about 4o ft. wide. There are two floors below the 
pavement level, the lowest floor line being about 21 ft. down, and this necessitated 
a retaining wall of considerablestrength. Reinforced concrete was adopted, owing 
to the desirability of obtaining the maximum floor area in the basement and sub- 
basement, this wall for which is an excellent example of scientific design, as will be 
seen from the drawings, illustrated in Fig. 3. The total height from the under- 
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side of the toe at the deepest point is 26 ft. 6 in., and the greatest thickness at 
the bottom is only 21 in., this being carried up for a height of 5 ft., while the 
next 5 ft. is reduced by an offset on the inside to a thickness of 18 in. At this 


Fig. 4. View showing Reinforcement of Retaining Wall. 
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level the underside of the intermediate floor is reached, and a further reduction 
is made to то in., and this thickness is carried to the top. The back of the wall is 
vertical, and the heel has a projection of 18 in. beyond this line, being splayed 
at top and bottom to the extreme projection, and having a thickness at this point 
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of 9 in. The total length of the toe and heel combined is 16 ft. 6 in., the former 
having a minimum thickness of 12 in., and being splayed on the underside to give 
a thickness of 24 in. at the point where a beam is formed to distribute the 


Retaining Wall in Course of Construction. 
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Fig. 5. 


concentrated vertical loads from the stanchions carrying the main walls 
of the superstructure. These stanchions are spaced at about 14-ft. centres, 
and the bases are let down into the toe about то in., with reinforced concrete, 
3 ft. thick, below this part to form the beam above mentioned, reinforcement 
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consisting of I6 bars in the section, as indicated on the drawings. The wall 
itself is reinforced with vertical bars and horizontal stirrups to take the shearing 
stress, as shown on the section, while the number of bars and their shape and dis- 
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Fiz.6. Plan and Section of Foundation Slab. 
RriNroRcED CONCRETE AT THE ROYAL INSURANCE BUILDING. 
position are well illustrated in the photographs in Figs. 4 and 5, which were 
taken previous to concreting. No space was available for counterforts, and cal- 


culations were necessary to ascertain the stability of the wall thrusts 


816 


ROYAL INSURANCE BUILDING. 


under the different conditions, as before and after the stanchion loads came upon 
the distributing beam, these loads themselves also varying. The diagrams illus- 
trated in Fig. 3 are interesting as showing the different unit pressures on the 
soil under the various conditions, and the section of an ordinary brick retaining 
wall is given under identical thrust, showing diagram of stability and pressure 
on the soil. It will be seen that the minimum thickness that could be employed 
in the latter case is 13 ft., and when this is compared with the maximum thickness 
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Fig. 7. Details of Construction of Strong Room in Sub-Basement. 
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of the reinforced concrete wall, which is only 21 in., a good comparison is offered 
between the relative advantages of the two materials. Ап asphalt damp course 
is provided on the outside of the wall on all faces. 

| The foundations to the steel stanchions are formed in reinforced concrete, 
the bases naturally varying in size according to the load. As a typical case, 
the largest is about g ft. Io in. square at the bottom, with two offsets which reduce 
the size to 6 ft. 6 in. square and 4 ft. square. The first offset is formed at a 
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height of 14 in. from the bottom, and the reduced sizes are each 8 in. deep, making 
a total thickness of 2 ft. 6 in. 

The reinforcement consists of about 92 bars altogether, 44 of these being 
placed in the lower surface and the remainder as indicated on the drawing 
of this foundation, illustrated in Fig. 6. The different sets of rods are 
connected with stirrups as shown. ' . 

The strong room in a building of this description is a very important 
item, requiring to be burglar- and fireproof ; and, in addition, it must possess 
sufficient strength to withstand the possibility of failure caused by other parts 
of the structure collapsing above and falling upon it. It is situated in 
the sub-basement floor, and is formed with reinforced concrete. The height 
is 8 ft. ro in. in the clear, with two compartments each то ft. 6 in. bv 
6 it. то in. between the walls, these two compartments having a division 
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Fig. 8S. Test on Hollow Floors. 
REINFORCED CONCRETE AT THE RovAL INSURANCE BUILDING. 


wall 1o in. thick, with a small doorway formed in same. The drawings are 
illustrated in Fig. 7, and it will be seen that the outside walls and roof are 
IO in. thick, reinforced with vertical and horizontal bars in both inner and 
outer surfaces, the two sets being connected with diameter stirrups spaced at 
4-in centres. 

The floor construction is carried out in reinforced concrete, lightened by the 
introduction of tiles. The latter are 9 in. by 41 in. hollow, with 21 in. of concrete 
above, giving a floor with a total thickness of only 7 in. The concrete was kept 
solid for a distance of 18 in. on either side of the steel joists which carry. the 
sides of the bav, and the lower bars are carried into this and bent round. Bars 
are also carried over the top of the steel girders. The floor was required to carrv 
a super-load of roo Ib. per sq. ft. ; and two bays, having a span of 15 ft. each, 
were made for testing purposes before the floor was adopted by the architects. 


SIS 


$229. 


VN 


ROYAL INSURANCE BUILDING. 


The slabs were formed, and the centering was removed I5 days later, no 
props of any kind being left to support the work. The deflection immediately 
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Fig. 9. Plan and Section of Dome over Main Entrance. 
REINFORCED CONCRETE AT THE ROYAL INSURANCE BUILDING. 
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after the removal of the centering was about !,-in., and this increased slightly 
in the course of a week, which seems to indicate that the concrete was still plastic 
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on the removal of the forms, the natural setting time of the cement having prob- 
ably been delayed on account of some days’ frost which occurred shortly atter 
the slabs were formed. 

The preliminary test was carried out twenty-four days after the con- 
struction of the slabs, and the load was applied by means of glazed bricks, 
which were stacked in twelve piles ranged їп two rows along the slab with a 
3-in. space between the piles. The load was applied until the amount per square 
foot was I542 lb., or I} times the designed super-load, when the maximum 
deflection was ‘282 in., and as the slabs were required for further experiment 
when the concrete was more seasoned, the loading was discontinued at this 
point. Cubes of the same concrete as that used in the test showed an 
increase of 48 per cent. in strength when tested ninety-eight days after mixing, 
as compared with that tested at twenty-two days old. The composition of the 
concrete was 7! cu. ft. of gravel, 32 cu. ft. of sand, and т bag of Portland cement. 
In making the final test on the same slabs, after maturing three months, the 
load was increased to 476 lb. per sq. ft., when the maximum deflection reached 
about :99 in. ; and, as the bricks were then sixteen courses high, it was impossible 
to record further deflections owing to the danger of the bricks falling. 

The drawings in Fig. 9 illustrate the dome which is constructed over the 
Lombard Street entrance. This has a diameter of about 12 ft., the springing 
being about 17 ft. from the ground-floor level. It is formed with 4 in. of concrete 
strengthened with ,°,-1n. bars at I2-in. centres as circumferential reinforcement 
the bars in the top and under surfaces being staggered. 

The radial bars аге ү, -1п. diameter, spaced at 6-in. centres at top and bottom. 
The dome itself is connected to reinforced concrete arches 5 in. thick, which are 
formed on four sides to convert the square plan in the circular form with rein- 
forced concrete pendentives. 

The reinforced concrete work was designed by the Considére Concrete 
Construction Co., Ltd., of 5 Victoria Street, Westminster, and executed by the 
contractors, Messrs. Trollope & Colls, of Coleman Street, E.C. 
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А PROBLEM IN DEFLECTIONS 
OF BEAMS. 


TO FIND THE MAXIMUM DEFLECTION 

mH FOR A UNIFORMLY LOADED BEAM 

‚ FIXED AT ONE END AND SUPPORTED 
AT THE OTHER. 


— mb = 


By EWART S. ANDREWS, B.Sc.Eng.(Lond.). 


The following interesting contribution should appeal to many of our readers and lead to 
discussion. Ойт columns are open for replies. та D, 


THE determination of the maximum theoretical deflection in the above case is 
dealt with in very few of the text-books on the subject, and, as far as the writer 
knows, no publication has been made in which the problem has been solved 
without the use of the methods of the infinitesimal calculus. In the following 
investigation we will adopt the method of Mohr of considering the stability of 
an imaginary cable loaded with the bending moment diagram. 

As will be found proved in the leading text-books on the subject, the bending 
moment diagram of a uniformly loaded beam of span /, fixed at one end, A, and 
simply supported at the other end, B,is as shown shaded in the figure; the curve 


BDC is a parabola of height E where w is the load per unit length of the beam, 
this being the B.M. diagram for the downward uniform load on the cantilever, and 
A J is equal to ms J B being a straight line, this being the B.M. diagram for 


TE l 
the reaction at B, which is E 


Our first prob- 
lem is to find the 
point, N, at which 
the deflection has 
its maximum value. 
Consider the por- 
tion, A, N, of the 
imaginary cable. 

The forces act- 
ing on it are a hori- 
zontal tension equal 
to E Jat М (accord- 
ing to Mohr's Theo- 
rem), and an equal 
horizontal tension 
at the point, A, 
(since the beam 
must be horizontal 
at the fixed end, 4) ; also an upward vertical force equal to the negative area, C / D. 
and a downward vertical force equal to the positive area, D F С. 


821 


EWART S. ANDREWS. CONCRETE 


If these forces are in equilibrium, since the horizontal forces are equal and 


opposite, the vertical forces are also equal and opposite, so that we get the following 
Tule : 


The maximum deflection will occur at the рон where the area, DFG, 1s equal 
to the area, DJ C. 


This is the same as saying that the area, А H G J, is equal to the area, 
AHFC. 


Now, if H B=x and A В-і 
rey e HG-* 44 
x l l 


Area AHGJ=""" (ay + GH) 


etm AJ (1 +7) 


_@—х) (U+ x). 301? 
E ХЗ 


2 
=i (i - х") (1) 
Also Area AH FC 


I I 
= AB —-FH.HB 
уе 3 
Iwf Iwa’ 
ene =_= 2) 
3 2 3 2 


If (x) = (2) 


о = $2) 


Factorising, we get 


3и! (2+ х) (7- x) 6 (1— x) (+ lx + xt) 


“dividing through by Б (1- х) and multiplying across we get 
9 + 91х = 82+ 8Ix + 8x’ 
i.e., 8x — 1х Р = 0 
The general solution of this quadratic equation gives 


(3) 


16 
=1 (#* + 33( 
1б 
The negative value is inadmissible 
E. = 33) = '4221 nearly 


‚ The maximum deflection occurs at a distance = ‘4221 from the simplv-supported end 


We now proceed to find the maximum deflection, d,, by considering the 
stability of the portion, N В , of the imaginary cable. 


The forces acting on it are a tension at В , the horizontal tension, E I, at 
N, and the area of the bending moment diagram, B F G. 


822 


A PROBLEM IN DEFLECTIONS. 


By taking moments about the point, B,, we eliminate the tension at this point 
and get E I xd, = moment about В, of area, B F G. 

Now, this area is made up of the difference between the 4 BH G, and the 
parabola B H F. 


The area of the 4 =} G H . B H= pos 


zat iu 3wxrl 
B и 16 


The centroid of the A is at distance zd from B 


3wxl.2x . v xl 
10 3 8. 
The area of the parabola = & FH. BH 


^O I w. wx 
= ا‎ 


3 2 6 


'" moment of 4 about В, = 


“ Thecentroid of the parabola is at distance = za from B 
; wx. 3x 
. moment of parabola about В; = T ue 
wx 
8 
moment about B, of area BFG 
4X _ wa" 
8 8 
wx 
8 [rs x) 
wx 
EI x d, = ^8 (= 


putting x = '4221 
вру ад. = CX 2D (578 0) 
3 à 


. = 700543 w I* 
oq. = 00543 wl! 
di EI 
putting wl = total load = W 
= 00543 W F 


EI 
184 ET 
For a uniformly loaded beam, simply supported at each end, we should get 
И» мы КИР | 
d, = S Р D while for one similarly loaded, but fixed at each end, we should get 
W Е: 


d, = = 384E Î .so that we see that in the case under consideration the deflection 


is between these two values. This is, of course, what one would expect. 
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CONCRETE SILOS. 


(Conclusion) 


By C. W. GAYLORD and PERCY H. WILSON, Assoc.M.Am.Soc.C.E. 


The article below, the first part of which appeared in our preceding number, is taken 
from a very useful pamphlet issued by the Association of American Portland Cement 
Manufacturers, and should be.of interest to all those carrying out concrete work on the 


farm, —ED. AI ENERO SERE 
Wooden Forms.— The facc of the silo wall forms may be made of 1-in. tongued 
and grooved boards in place of the sheet metal shown in Figs. 7 and 8. In this 


case, in laving out the sawing of the circular 2 in. by 6 in. piece, shown in Fry. 6, 
make the length of string used for marking the inner circle 1 in. less, and the length 
of string used for marking the outer circle 1 in. more than shown. This is to allow 


9 Splice ı vertical| 
| reinforqerne 


N 
Splice in horizon | 
remfóbrcerne 0 


— — 430° — | — 430 -— 
| 
Fic. 12. POSITION OF REINFORCEMENT AROUND Door OPENING. 
for the 1-in. tongued and grooved face. Surfaced boards should be used and painted 
well with oil before the concrete is placed. Green lumber is preferable to dry lumber, 
as the latter absorbs moisture from the wet concrete and warps out of shape. 

The forms are now ready to be carried to the silo site and placed in the correct 
position on the footing for the first course of concrete. Set up the inside form first, 
and level it very carefully, putting in the hinge-bolts in the ends of section A, and the 
adjustment bolts between sections B and C. With the use of the spacing boards. 
shown in Fig. 7, place the outside form and then draw the upper and lower circle 
tight bv means of the adjusting bolts. The spacing boards should be placed around 


the circle about every 3 ft. for the first trial. 
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Adjusting Bolts.—Fig. 5 shows the method of placing the adjusting bolts at the 
opening for both the inside and outside forms. For the inside form, the nuts on the 
adjusting bolts are on the inside of the opening between the 2 in. by 4 in. pieces which 
make the ends of the form. To contract the inside form, turn the nuts back to the 
centre. To expand the inside form, turn the nuts toward the ends of the bolts. The 
nuts on the bolts for the outside form are in back of the 2 in. by 6 in. pieces, which 
make the ends of the form and can pull the form together and hold it in place. 

Place a piece of т in. by 12 in. by 3 ft. (two pieces of I in. by 6 in. by з ft. nailed 
together) back of the sheet metal across the openings, toe-nailing this piece to the sides 
or holding it in place with wedges between it and the adjusting bolts. This piece 
must be taken out and reset each time the forms are moved. 

In placing the forms, remember to place the openings in the forms directly toward 
the side or point at which the hoisting of concrete is to be done when the silo wall gets 


Inside Circular Korm 
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above the ground. The openings have nothing whatever to do with the hoisting of 
the concrete, but right back of these openings will be two 3 in. by 6 in. posts, by 
means of which the hoisting is to be done. 

Tbickness of Walls.—Thc thickness of the silo wall can easily be increased over 
the 6 in. shown by setting the outside form farther away from the inside form and 
increasing its length slightly. 

Placing Concrete for First Two Courses.—Ev erything i is now ready for the placing 
of the concrete with the exception of placing the reinforcement. (Explained later.) 
As the second 3-ft. course of concrete only brings the top of the form 2 ft. above the 
groundline, both these courses and also the third should be placed by shovelling 
directly into the forms from the concrete board, or by dumping the wheelbarrow-loads 
directly into the forms if the mixing is being done at a distance from the site of the 
silo. Mix the concrete wet, so that it will need little tamping. Place it in from 
4-in. to 6-in. layers and spade it thoroughly next to the forms. 

Make each 6-in. layer of concrete level before starting a new layer. Before placing 
any concrete the concrete already in place should be carefully cleaned off by sweeping 
and then flushing with water. Then scatter a few handfuls of drv Portland cement 
over the old concrete. This should be done each time before starting to fill the forms 
after raising. 

Fill the form flush with the top and carefully even off the edges. Rough up the 
centre of the top of the concrete as much as possible. This gives a good bond for the 
next course. 

After the forms are filled with concrete place the scaffolding and arrange the 
form-lifting device, as shown in Figs. 7 and 8. 

Form.lifting Device.—This consists of two pairs of 3 in. by 6 in. posts with a 
lever working between each pair. The 3 in. by 6 in. pieces can be bought in 12-ft. or 
16-ft. lengths, and they can be made as long as desired by splicing them together on 
three sides with 2-in. strips (see Fig. 9). Joints in a pair should be broken at least 
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3 ft. The pairs of з in. by 6 in. should not be placed directly in line. This allows the 
levers to work past each other as shown іп Fig. 8. For a ro-ft. silo they should be 


about 5 ft. apart. Increase this distance by 6 in. for every foot increase in the 
diameter of silos over Io ft. 


Fic 14. CONCRETE BLOCK SILO. 


These posts will be heavily loaded while the forms are being lifted, and should be 
erected as follows : 

Lay two pieces of 2 in. by 12 in. planks across the floor of the silo on the line 
of the posts, taking a 12-ft. and a 16-ft. post to make up a pair. This prevents the 
splices from coming opposite each other. Place the posts in position, temporarily 
bracing them to the barn, if near enough, or to stakes in the ground outside the silo. 
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While this bracing is only temporary for the first 3-ft. course, it must be secure, and 
should be fastened to the post about ro ft. from the bottom. 

Securely fasten the lower ends of the posts with cleats to the 2 in. by 12 in. plank 
under them. Next place the 2 in. by 8 in. by 12 ft. lifting planks in place as shown 
in Figs. 7 and 8, and wire them securely at the four points where they each cross the 
forms, so as to allow about a 2-in. space between them and the forms when the wire is 
drawn tight. Use the size of wire given in Table C. 

For the first lifting, wire the 2 in. by 8 in. lifting planks to the top circle of 
2 in. by 6 in. pieces, as the bottom circle of 2 in. by 6 in. pieces rests on the concrete 
floor. Before making the second shift of forms, wire together the top and bottom 
circles of 2 in. bv 6 in. pieces in both inner and outer form at the lifting point, so that 
the top circle will not have to take all the strain in lifting. 

Measure on the posts 4 ft. above the top edge of the 2 in. bv 8 in. lifting pieces 
and bore 1 ,,-in. to 14-in. holes through the posts. 

After the first lifting of the forms, these holes bored in the posts to receive the 
lever bolts should be spaced the height of one section apart. Thus, if the 36-in. forms 
lap the finished wall by 4 in. a section of wall 32 in. high is built with cach setting 
of the forms, and the holes should be spaced exactly 32 in., centre to centre. Spacc 
these holes carefully, as the wires to be described later will not be changed for the 
rest of the lifts. 

Place the levers, made as shown in Figs. 7 and 8, between the posts and use a 
I-in. bolt, 15 in. long, to fasten each lever between a pair of posts. 

As the levers will only raise the forms 1 ft. at a time, three holds have to be 
provided in order to raise the forms 3 ft. This is done by making three loops of wire, 
each 1 ft. shorter than the other, by means of which the ends of the levers are attached 
to the lifting plank. The longest of the loops is just long enough to attach the 
lifting board to the lever, when the short end of the lever is in the lowest possible 
position, as shown in Fig. 8. 

Three more loops of wire are attached to the lifting planks, just long enough to 
slip over the bolt in the uprights, and in this way hold the forms until the end of the 
lever can be attached to the second loop. 

The shortest wire should hold the form about 1 in. higher than is finally desired. 
With the form held on the third or shortest loop, place two 2 in. by 8 in. braces under 
the form. These two picces of 2 in. by 8 in. plank should be measured and cut to fit 
against the silo wall when they are nailed across the 3 in. by 6 in. posts. Level these 
braces carefully and nail them to the posts at a point just 4 in. below the top of the 
finished concrete in the walls. 

Lay a straight edge across the top of the forms before lifting, and make a mark 
on the posts 4 in. below this edge. After the forms are raised, nail the two 2 in. by 8 in. 
braces to the posts, with the top edges at the mark. Brace the ends of the 2 in. by 8 in. 
planks with 1 in. by 6 in. boards, and further brace the posts whenever necessary as 
the work progresses, as shown in Fig. 8. With the weight of the forms on the levers, 
take off the loops over the bolt and lower the forms till the inside form rests on the 
2 іп. by 8 in. brace. Holding the levers in this position, expand the inside form into 
position with the adjusting bolts. Now lower the outside form in the same wav, 
using the 6-in. spacing board to keep the two forms the correct distance apart at the 
top. Drive small wedges between the 2 in. by 8 in. by 12 ft. lifting pieces and the 
inside form so that the play in the wires between the 2 in. by 8 in. planks and the 
inside form will be taken up after the levers are relcased. These wedges will hold 
the 2 in. by 8 in. lifting pieces in place, and they in turn hold the outside form. The 
levers can now be released, and the form is again ready for concrete. 
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TABLE C. 

Diameter Gange of Wire | Size of Lever. 
of Silo for Slings—2 Size of : Size of Horizontal (Total Length 
in Feet. Strands to Lifting Piece. ‘ Braces Under Form.t over all 

Each Sling. | is given.) 

| 

Gauge No.* in. in. ft. | in. in. ft. in. in. in. ft. in. 
IO IO 2 by 8 by r2 2by 8by 86 | 2bvoby 7 6 
II 9 2 , TO , I2 2.554. 8. 9 o 2,06, 86 
12 9 2 , IO , 12 2 وو‎ B s 9 6 255465, G O 
13 9 2-5; 12 5:12 2, 8, 100 2,6. 90 
I4 8 2-5, 12., 12 2, 10, 10 6 2,6, 9 6 
15 8 2-4 12:4 FH 2, IO , II O 2, 6,, 100 
16 8 2 „ I2 5 14 2, IO , IIO 2, 6,, 10 6 
17 8 2 „ IO „ I4 2 „ IO ,, II 6 | 2, 6,, 10 6 
18 8 2 „ IO „ I4 2 12 , I2 0 2,6,, II O 
IQ 7 2 ,, IO „ IÔ 2$ 4 I2 sp 32 6 2,6,, II 6 
20 7 2 , IO ,, 16 | 2, I2 رو‎ 13 0 2, 6,, 116 


t 
t 


Cautions.—As thc work goes up be sure to brace the 3 in. by 6 in. posts securelv. 
They will carry the weight of the forms easily enough, but not without proper bracing. 

Do not raise the forms above the finished wall, as trouble wil be experienced in 
gctting them back in place. 

Be careful to raise the forms slowly, and to work both levers at the same time in 
raising, so that the forms will be raised without binding. 

Mix only two bag batches at a time, and place the whole batch before starting 
a new one. 

Back-fill.—After the first three or four courses are placed, dirt should be filled 
in the hole next the concrete wall and carefully tamped, leaving the 19086 next to 
the silo wall a little higher than the surrounding ground. 

HANDLING THE CONCRETE. 

After the 3-ft. form has been used three times and is set in place for the fourth 
time, the top of the form will be 8 ft. above the ground outside the silo, and too high 
to shovel into. Therefore some method of hoisting the concrete must be used. The 
easiest wav is to hoist the concrete in galvanised iron buckets or coal-scuttles. For 
the fourth course, the buckets can be handed up, but above that point thev must be 
hoisted bv a rope. For quick work it is best to rig up a block and fall and use a horse 
to do the hoisting, raising three or four buckets at one time. The block can be made 
fast to a 2 in. by ro in. plank temporarilv nailed to the four parts, as far above the 
forms as necessarv, and extending out over the outside of the silo on the side where 
the mixing is done. If a horse is used, sink a short post alongside the silo directly 
under the overhead block. Fasten another block to the post near the ground and 
pull through it to one side. А single line is all that is necessary, as four ordinary 
buckets full of concrete will weigh only about 200 Ib. 

Caution.—|n hoisting by horse or engine, as is sometimes donc, the 3 in. bv 6 in. 
posts must be well braced and guved so that thev will not be pulled out of plumb. 

MIXING THE CONCRETE. 

The concrete in silo construction should be carefully mixed. Concrete should be 
mixed wet, and the forms made tight to prevent the loss of anv cement grout. 

Footings and Floor.— hc concrete in the footings and floor should be propor- 
tioned 1: 3:6, which means 1 part Portland cement ; 3 parts sand ; 6 parts gravel or 
broken stone. 

Walls.— The concrete in the silo walls should be proportioned 1: 2: 4, which 
means 1 part Portland cement ; 2 parts sand ; 4 parts gravel or broken stone. 


* American Steel and Wire Co.'s wire gauge used. 
+ The lengths of the braces in this column are only approximated for ordering lumber, and may 


be slightly varied. 
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SILO DOORS. 


In the description of the erection of the silo walls no mention was made of the 
silo doors, openings for which must be left in the concrete walls. Fig. то is a vertical 
section through the silo, showing the arrangement of the silo doors. The doors are 
2 ft. by 2 ft., and are spaced 3 ft. apart, starting at 1 ft. above the ground-line. Place 
these doors on the side of the silo nearest the feeding troughs. 

Fig. 11 shows the construction of the silo door, with details. Make the doors of 


—— — - 


A. 
- - + - = " - . 
we — $m e ч = эе 52 
F:G. 15 Siro BUILT or Concrete BLOCKS WITH DOUBLE AIR-SPACE. 


planed 2 in. by 6 in. or 2 in. by 8 in. tongued and grooved boards, held together by 
two 2 in. by 4 in. cleats, to which they are bolted with $-in. bolts having round heads. 
The edges are all bevelied }-in., as shown in Fig. 11. The doors are held in place by 
two i-in. round-headed bolts which pass through a 2 in. by 4 in. by 3 ft. 6 in. piece 
placed vertically on the outside of the silo wall. A gasket of tar-paper or similar 
substance is used between the wood door and the bevelled sides of the opening in the 
concrete, and by drawing up the bolts securely the door can be made absolutely 


829 


Digitized by Google 


CONCRETE SILOS. CONCRETE; 


air-tight. Care, however, must be used in planing the bevel edge of the doors in order 
to make a good fit. The lumber used for the doors should be the most durable wood 
obtainable, and should be planed on all sides. Fig. 11 is the same for all sizes of silos. 

The form used for making the openings in the walls for the doors consists of a box 
open on the front and back, having straight sides and a curved top and bottom so 
that it will just fit between the silo forms. All the sides are bevelled. To place the door 
opening form inside the silo forms, bring the concrete up to about 1 in. higher than the 
level for the bottom of the opening. Have the concrete very soft, with an inch or so of 


Fic. 16. CONCRETE CHUTE BETWEEN Two Silos. 


mortar on top where the opening is to come. Shove the box form down into the 
concrete until it is at the right height and concrete around it, carefully spading the 
concrete along the sides of the box. A good plan is to mix up a little 1 to 2 mortar 
(1 part Portland cement, 2 parts sand) and keep placing it next to the box form as the 
concrete is placed ; 1 to 2 mortar should always be placed about } in. to 2 in. thick 
over the top of the box form. Оп account of the spacing of the doors, the opening 
will not alwavs come all in one 3-ft. height of silo forms. In this case leave the box 


form in place and raise the silo forms as if it were not there. Care should be taken in 
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this case to clean away the old mortar from the sides of the box above the form in 
order to make a good bond at this point. 

There must be two of these box forms made, and each should be left in place 
until absolutely peeded again, as this allows the concrete over the opening to harden 
before the box is removed. Before using these boxes should be carefully painted 
with a couple of thin coats of black or cylinder oil. They should be wiped off before 
using, and when not in use should be kept out of the sun to prevent warping. 


LADDER AND CHUTE. 

The ladder up the side of the silo alongside the doors can be made in many ways. 

Bend round bars into shape and place them into holes in the concrete, afterwards 
filling any space around the bars with cement mortar. The holes in the concrete can 
be formed by wedging a tapered wooden plug, slightly larger than the round iron, 
across the forms in the position where you wish the hole to come. If the plug be 
well oiled it can be driven out, but if it sticks to the concrete it can be burned out 
with a hot iron. 

In many localities it is found most convenient to have a chute surrounding the 
silo doors. 

These chutes are sometimes made of concrete, and Fig. 16 shows two concrete 
silos, with a concrete chute between. Where a roof is placed over the chute it is 
well to have one or two windows in it. 


REINFORCEMENTS. 

The correct reinforcing of the silo walls with small steel bars or steel wire must 
be done with accuracy and care, as the strength of the silo depends on the correct use 
of steel in the walls. The silo walls are reinforced in two directions—vertically and 
horizontally. The vertical reinforcement consists of tie rods running from the top of 
the walls down into the footing. The horizontal reinforcements are hoops. 

Since the pressure in a silo increases with the depth, it is necessary to make the 
walls much stronger at the bottom than at the top. The same amount of reinforce- 
ment is always necessary for sections of walls of equal distance from the top of the 
silo, in all silos of the same diameter, regardless of the total height. In no case should 
the horizontal wires or bars be placed over 18 in. apart or the vertical bars or wires 
placed over 36 in. apart. 

How to Place Steel Relaforcement.—The placing of the reinforcement is a 
very simple matter, but there are several points of importance to be noted. 

1. To tie reinforcement to prevent slipping. The horizontal reinforcement 
should be cut in one length, if wire, and the ends looped together and twisted back. 
If bars are used, the ends should be bent around each other at each lap. The extreme 
ends of the vertical reinforcement should be tied by bending around four extra strands 
of the largest wire uscd, two wires being placed 2 in. below the top of the silo wall, 
and the other two in the centre of the silo footings. 

The vertical rods should be placed in short lengths, as it is very hard to handle 
the forms with rods running the entire height of the silo. These short lengths can be 
twisted or spliced together as the wall is built up. 

In starting the vertical reinforcement in the footing use only 2 ft. 6 in. or 3 ft. 
lengths, taking 6 in. to twist around the two horizontal tie rods or wires placed in the 
centre of the footings. This will leave r ft. 6 in. to 2 ft. to stick above the finished 
footings. 

The next section of vertical reinforcement is tied to these short lengths, and they 
will not interfere with the setting of the concrete forms. 

2. To place reinforcement around doors and openings. 
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Fig. 12 shows how the reinforcement is placed around the door openings. In the 
section of wall used the horizontal reinforcement is placed 12 in. apart and the vertical 
36in.apart. The dotted line about the middle of the opening shows where the vertical 
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wire would have come. As it is desired to always have a vertical rod or wire not over 
3 in. away and on cither side of the line of doors, two verticals have to be substituted 
for the one omitted. Where the horizontal wires or bars numbered (1) and (2) in 
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Fig. 12 would run across the opening some distance from the top or bottom, fasten 
them to the verticals next to the opening, as shown. Cut short pieces of wire and 
place them at (та) and (2b) to take the place of (1) and (2). The horizontal short wire 
2 in. above and below the opening is always placed regardless of where the horizontal 
reinforcement comes. Wire marked (3) comes near enough to the top of the opening 
to be bent up and over it without cutting and using an extra short piece. In order to 
hold the rods in place, bend a piece of wire as shown in Fig. 13, and hook it over the 
outside of the form. 

3. The horizontal hoop reinforcement should be on the outside of the vertica 
ceinforcement and about 2 in. from the face of {һе outside form. 


ROOF OVER SILO. 

A roof is essential to a good silo in order to keep the snow out and to prcvent 
the silage from freezing. Fig. 17 shows how a cheap, substantial roof can be built. 
Set $ in. by 15 in. bolts тї in. down into the form on the last filling so that they will 
stick out 4 in. above the top of the wall. The plate, which is made of 2 in. by 6 in. 
pieces cleated together with 2 in. by 4 in. cleats, is held in place by these bolts. This 
plate can be laid out on the ground and the pieces cut and put together on top. Give 
enough pitch to the roof to shed snow. The roof shown in Fig. 17 is pitched 45 degrees. 
Build an ordinary trap-door between two of the 2 in. by 6 in. rafters on the side from 
which the silo is to be filled. 

PATCHING. 

If on raising the forms open spaces between the stones are found, due to careless- 
ness in spading or on account of a leak in the form, these places should be patched 
at once. First remove all the loose pebbles and rough up the surface to get a good 
bond. Then fill the hole with a 1 to 2 Portland cement mortar, making the outside 
flush with the rest of the surface. If patched at once and then painted later on with 
cement grout, the place will not be noticcable. Be careful not to let the patched 
place dry out more rapidly than the surrounding concrete. This can be prevented by 
wetting every day у ith w ater applied by means of a whitewash brush. | 


zi б "7 ` ^ PAINTING THE SILO. 

As before explained the inside of a silo should be as smooth as possible, to permit 
the silage to settle evenly. E 

' As the wall is built slight rough spots are sometimes left, due to concrete sticking 
to the forms. These can be easily made smooth by applying a coat of cement mortar, 
consisting of one part Portland cement and one part fine sand, mixed with water to 
the consistency of cream. Apply this with a whitewash brush. Before applying, brush 
the wall thoroughly with a dry, stiff brush. Then wet the wall, and then apply the 
wash, while the wall is still wet. Stir your cement and sand mixture constantly while 
applying. If this is not done the cement and sand settle to the bottom, and vou wil] 
be painting your wall with water only. Mix this grout in very small quantities and 
put on a thin and not a thick coat over both the inside and outside of the silo. 
This treatment not only makes a smooth wall, but also tends to make it water- 
proot. | 

Another method of waterproofing consists in drying the walls thoroughly and 

cleaning with a wire brush. Then paint with a hot solution consisting of three pounds 
of castile soap dissolved in four gallons of water. Use a kalsomine brush for the paint 
and do not boil the solution or let it froth while applying. After twenty-four hours’ 
drying apply a second solution, consisting of a cold solution of J lb. of alum to 4 gallons 
of water. This should make even poorly mixed and placed concrete air- and water. 
tight. 
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CEMENT OR CONCRETE BLOCK SILOS. 

Concrete blocks are made in two ways—hollow and solid. Practically all silos 
are built of hollow blocks. The blocks may be made by the farmer himself, or he mav 
buy them from a block manufacturer. If the blocks are bought care must be taken 
to secure well-seasoned ones. That is, the blocks must have been made a sufficient 
time before using to give them time to thoroughly set. 

Fig. 14 shows a concrete block silo in Jackson, Mich. It is 35 ft. high and 
14 ft. inside diameter. The blocks for the lower third of the height are 8 in. high 
by то in. thick by r6 in. long ; the blocks in the upper two-thirds are 8 in. high by 8 in. 
thick by 16 in. long. Every third course is reinforced with a 3-in. round iron embedded 
in grooves in the block. The blocks are laid in cement mortar, made in the proportion 
of 1 part Portland cement to 2 parts sand. 

The silo shown in Fig. 15 is built of concrete blocks with a double air-space laid 
in cement mortar. It is reinforced with rods running through the grooves in both 
directions. | 

Many successful concrete silos have been built by methods other than those 
described, but for one who does not know how to handle concrete the best results 
will be obtained by following closely the methods described herein. 
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The following account of some extremely interesting tests carriea out on a reinforced 
concrete telegrapk pole merits careful attention from our readers and from the public 
authorities concerned with the erection of telegraph and telephone poles.—ED. 


TESTS ON A REINFORCED CONCRETE TELEGRAPH POLE AT THE WORKS 
OF THE BRITISH IMPROVED CONSTRUCTION CO., LTD. 


SOME very important tests on a telegraph pole, 38 ft. 6 in. elevation from the 
ground, were carried out on October roth, 13th and 16th last at the company’s 
works at Stevenage Road, Fulham, in the presence of representatives of the Post 
Office, London & North Western Railway and others. 

The length of the pole over all was 44 ft. 6 in., of square hollow section, 
17 in. square outside at the base, and 13 in. square inside at the same point, while 
the outside and inside dimensions at the top were 8 in. and 4 in. respectively. 
The reinforcements consisted entirely of 248 ү%-1п. diameter high-tension steel 
wires, with an ultimate tensional stress of 80,000 lb. to 85,090 lb. per sq. in., 56 
wires being assembled together in each corner. These wires were held together 
by !}-in. by ,'5-in. mild steel-wire plates pitched about 2-ft. centres. No binding 
wires whatever were used in the construction of the reinforcement. The pole 
was firmly embedded in concrete for 5 ft. 6 in. 


On Tuesday, October 1oth, the pole was tested up to 351 cwt., when the crab 
was found to be insecure, so test was discontinued. It was continued on Friday, 
October 13th. А slight hair crack was observed on tension side about 5 ft. 6 in. 
above surface of foundation when load was 33} cwt. 

When load was 36 cwt., slight hair cracks appeared pitched regularly about 
8 in. to 9 in. apart. At 41 cwt. a slight shear crack appeared, starting at 33 in. above 
foundation, and extending vertically at a distance of 2 in. from tension side for 
3 ft. 6 in. in length. 

At 46 cwt. hair cracks on tension side occurred regularly every 3 in. ог 4 іп. At 
51 cwt. cracks on tension side were noticed to be travelling across sides of pole to 
within 6 in. of compression surfacc. 

At 61 cwt. shear crack was more pronounced, and hair cracks on ,tension side 
occurred pitched about 1 in. centre. No signs of failure were observed on compression 
side at 61 cwt., and this being the limit of gauge on testing apparatus, the test was 
discontinued. 

On October 16th the test on pole was continued, with the following results : 

At 94 cwt. the pole had a deflection of 68 in., and cracks on tension side and shear 
cracks were more numerous and pronounced. No signs of failure on the compression 
side were observed. Load was released, and pole was found to have a permanent 
set of 21 in. 
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View of Pole before Load was Applied 
Tests on A REINFORCED CONCRETE TELEGRAPH POLE. 


Load was again applied, and with a deflection of 73 in. the first signs of failure 
on ccmpression side were noticed at surface of foundation. Load was still’ further 
applied, when, with a deflection of 78 in., the pole completely failed on compression 
side. 

On examination after test, the pole was found to have failed almost equally for 
its whole length both on tension and shear sides, no signs whatever of local weakness 
Ecing evident. On compression side pole showed signs of failure only from base to 
about 2 ft. up. 


Total bending moment at base of pole ... заа kn 4,863,936 in. Ib. 
Area of steel at base ve ба ian TT баг 6: 84728 sq. in. 
Атса of concrete — ... ea T НЕР м е 106 sq. in. 
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View of Pole after Destruction. 
TESTS ON A REINFORCED CONCRETE TELEGRAPH POLE. 


PARTICULARS OF TEST HELD ON OCTOBER IOTH, IQII. 


Load in cwt. Deflection in in. Permanent set in in. 
Test No. ı 3 гаљ v i Jas sea ее Уе ‘an " — 
19: IO 4 5 isi 2 га T „ўе зна oa га -—- 
"EE AT IO e A 4l — 
uc M ow 12] 5 — 
a. NO. EN chee I5 T 61 — 
s ND dE" n2: 174 "P ae 8 — 
& NO. 7 20 9 — 
5» NO. B 221 10} - - 
p NO. 0 25 12 1 
û NO: ТО 27} I4 l 
у: No ГҮ 30 147 5 
» NO. 12 351 à "- 19} 2 


To above weights must be added 1 cwt. for weight of spring balance, chain, etc. 

Method of Testing.—4A wire rope was firmly attached to a clip round top of pole, 
and carried over the pulley sheave on crane jib at approximately the same level as 
top of pole. Wire was then carried down to within about 1o ft. of ground and a 
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Salter spring balance (Type 99—3 ton graduated in j-cwts.) attached ; a chain was 
then attached to spring balance and wound on the drum of a 2-ton geared crab winch. 
After each test the load was released, and permanent set registered. 
The pole was firmly embedded in concrete for 5 ft. 6 in., and load was applied 
38 ft. 6 in. above top of.concrete foundations. 
Dimensions of Pole (hollow)— 
Length overall ... 44 ft. 6 in. 


Size at top... .— 8 in. square outside and 4 in. square inside. 
Size at base . I7 in. square outside and 13 in. square inside. 
PARTICULARS OF TEST HELD ON OCTOBER 13TH, 1911. 
Load in cwt. Deflection in in. Permanent set ia in. 
Test No. 1. ... 31 -— РБЕ 16% os , 
» NO.2 ... 32 ee hs 17}. 
- b гз 33 d n 18 | $ 
y чн ene 34 ae m3 18] | 
a а js 35 ee фаз 183 
„ Мо 3... 34 vs s 19 | 
" n "T 35 T Es 19} 
$ T 371 211 i i 
"5 ” 40 a2 wd 
» No.4 41 234 
" » 42 232 
» » 421 2 rh 
» * 44 23 i 
, T 45 251] 
» No.5 46 264 
9, 99 474 | | 
9۰ ” 4 25 А І 
» ” 49 28] і 
» » 50 29 j 
» No.6 51 30 When the load was 574 cwts. with 34 in. deflection, 
i " 52 301 | the chain on drum of winch broke, rcleasing 
" T 521 31 | pole suddenly. Pole flew back, and after vibrat- 
р ўз 54 е 32 ^ ing violently for a few seconds regained its 
i T 55 324 | normal position, and on examination it was 
; Y 57} 34 found that no permanent set was indicated. 
„ №. 7 12 27 
T T 44 28 
uL "» 49 29 
T i 48 30 
" 49 31 
К үз 52 32 
" 53 334 
А T 54 331 | 2 in. ; permanent set when measured r hour 
T 55 344 > 3o min. after test was found to be h in. 
' , 50 344 
x) ’ 57 351 
» , 58 36 
»* „ 551 361 
۰ T 59 37 
Үз e a so91 is M 371 
H yi i бо via 2 373 / 


To above weights must be added 1 cwt. for weight of spring balance, chain, etc. 
Method of Testing.—A wire rope was firmly attached to a clip round top of 
pole, and carried over the pulley sheave on crane jib at approximately the same 
level as top of pole. Wire was then carried down to within about 1o ft. of ground, and 
a Salter spring balance (Type 99—3 ton graduated in 3 cwts.) attached; a chain was 
then attached to spring balance and wound on the drum of a 5-ton geared crab winch. 
After each test the load was released, and permanent set registered. 
Pole was firmly embedded in concrete for 5 ft. 6 in., and load was applied 
38 ft. 6 in. above top of concrete foundations. 
Dimensions of Pole (hollow)— 
Length overall ... 44 ft. 6 in. 
Size at top ... 8 In. square outside and 4 in. square inside. 


Size at base ... I7 In. Square outsid? and 13 in. square inside. 
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PARTICULARS OF CONTINUATION OF TEST HELD ON OCTOBER IÓTH, 1911. 
Load in cwt. Deflection in in. Permanent set in in. 


2I 


TEST Мо. 2. 


The load was 
again applied, and 
when pole deflected 
73 in. the first signs 
of failure on com- 
pression side were 
observed just at 
surface foundation. 

Load was still 
further applied 
until 78 in. deflec- 
tion, when pole 
failed completely 
on compression 
side. 

To above 
weights must be 
added two cwts. for 
weight of spring 
balance, chain, etc. 

Method of 
Testing. — A wire 
rope was firmly 
attached to a clip 
round top of pole, 
апа carried over 
the pulley sheave 
on crane jib at 
approximately the 
same level as top 
of pole. Wire was 
then carried down 
to within about 
то ft. of ground 
and a spring 
balance (12 ton— 
graduated in cwts.) 
attached; a chain 
was then attached 


Tension Side of Broken Pole. to spring balance 
TESTS ON A REINFORCED CONCRETE TELEGRAPH POLE. and wound on the 
drum of a 5-ton geared crab winch. i 


After each test the load was released, and permanent set registered. 
The pole was firmly embedded in concrete for 5 ft. 6 in., and load was applied 
38 ft. 6 in. above top of concrete foundations. 839 
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‚ CORROSION OF STEEL 
|. REINFORCEMENT 


The prokiem of electrolysis has teen accorded special attention recently in the American 
technical press, and the following article on these investigations and the conclusions to be 
obtained therefrom should prove of interest. Mr. Harold P. Brown kindly rut the pko‘o- 
graphs at our disposal. Most of them originally appeared in ** Engineer. ng News.’’—ED. 


THAT steel reinforcement embedded in well-made concrete is almost perfectly 
safeguarded against atmospheric corrosion has long been thoroughly established, 
and the fact is recognised by all engineers. In spite of this, injury of an unexpected 
kind to reinforced concrete structures has recently been observed in several 
instances, the injury being due in the first place apparently to corrosion of the 
steel reinforcement. Suspicion fell on stray electric currents as the cause, and 
the investigation of the conditions has already led to interesting and important 
results. 

Electrolytic Corrosion.— he effect of stray currents on iron or steel 
embedded in the earth is already familiar to municipal and other engineers, 
the effect being particularly troublesome in the case of water pipes. At places 
where current leaves the pipe to enter the surrounding earth, pitting of the metal 
takes place, and may proceed as far as actual perforation. This is naturally 
most liable to occur in the immediate neighbourhood of electrical generating 
stations, but it may also occur at a distance from them, where cables or tramway 
rails are laid near to water mains. Further, several mysterious cases of corrosion 
of brass condenser tubes have been traced to the leakage of current from neigh- 
bouring electrical generating plant through the metal of the condenser into the 
sea-water used for cooling. It might be thought that steel enclosed in concrete 
would be sufficiently protected from influences of this kind, but recent experience 
shows that under certain circumstances the reinforcement is actually exposed 
to a serious and hitherto unsuspected danger. Fortunately, the observations 
and experiments that have been made point to the means of avoiding such 
accidents in the future. 

Instances of Corrosion.— The principal instances of serious corrosion that 
have been described in detail are the girders, beams and columns of a large 
reinforced concrete packing warehouse in New York, investigated and described 
by Mr. Harold P. Brown in Engineering News ; and a quay and jetty at Southamp- 
ton, investigated by a committee composed of Messrs. H. K. G. Bamber, C. F. 
Marsh and F. S. Wentworth-Sheilds, and described by them in a report to the 
Concrete Institute. 

Laboratory Investigations.—Mr. Harold Brown, in the investigation above 
referred to, conducted some laboratory experiments in order to elucidate the 
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nature of the electrolytic process. In addition, two series of experiments have 
been described and the results communicated to the American Institute of 
Electrical Engineers during the present year: one by Messrs. C. E. Magnusson 


View of Ceiling showing exposure of rods in a beam. 


THE ELECTRCLYTIC CORROSION OF STEEL REINFORCEMENT. 


Fig. 


and G. H. Smith, of the 
University of Washing- 
ton; and the other by 
Mr. H. Barker and Prof. 
We L. Upson. of the 
University of Vermont. 
All these communications 
have been reproduced or 
abstracted in recent en- 
gineering periodicals. 

Symptoms of 
Damage.— The external 
signs of damage аге 
very similar in each case, 
deep cracks appearing 
in the concrete, extend- 
ing as far as the rein- 
forcement. : Sometimes 
the cracking is so ex- 
tensive that large flakes 
of concrete have become 
detached, exposing the 
steel. Wherever the 
steel has become visible 
it is seen to be coated 
with a layer of red rust, 
often as much as } in. 
thick. The cracks appear 
on the under side of 
horizontal beams, and 
run vertically along the 
surfaces of columns. 

The general effect 1s 
well seen in Figs. I, 2, 3, 
4 and 5, which are photo- 
graphs of beams and 
columns in the New York 
packing warehouse. It 
wil be seen how the 


cracking follows the reinforcement, Fig. 3 being particularly instructive as 
showing how the corrosion of a stirrup has resulted in forcing outwards and 
detaching a flake of concrete of considerable area. In all, 3,000 linear feet of 
beams and seven columns are affected in this building. Fig. 6 shows, on the 


841 


ELECTROLYTIC CORROSION. CONCRETE] 


other hand, that the reinforced floor panels are uninjured, a fact which must be 
attributed to the absence of an electrical connection between the reinforcing 
steel of the beams and that of the panels. The vertical crack in Fig. 5 is 4 in. 
deep. 

The coal-barge jetty and quay at Southampton show chiefly cracks on 
the lower side of the deck beams, and, to a lesser extent, on the piles and diagonal 
struts above high-water level. In this case the conditions were somewhat 


~ 
Ex 


Fig 2. Cracks in lower part of a girder, 
THe ELECTROLYTIC CORROSION OF STEEL REINFORCEMENT. 


complicated by the fact that the jetty had been undoubtedly somewhat severely 
strained by the racking stresses of heavy cranes working on it, and jarred by the 
bumping of vessels. The damage was, however, practically as great at the end 
of the jetty, where cranes never rest, as immediately beneath them. The 
concrete in each of the structures referred to proved to be of satisfactory quality, 
and although some of the stirrups in the jetty and quay were found to have 
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been considerably displaced during construction, the committee did not regard 
this defect as important, or at any rate as contributing in any marked degree to 
the injury. 

Electrical Conditions.—Suspicion, in the case of the New York building, 
fell at first on an electric railway, the lines of which run beside the building on 
two sides. Electrical 
measurements showed, 
however, that the drop 
of potential between a 
pipe which was, through 
a faulty connection, 
charged from the rail- 
way circuit and the 
reinforcement was only 
a few millivolts, and 
could not be held res- 
ponsible for the cor- 
rosion. On the other 
hand, leakage from the 
lighting circuit was 
found to be very serious. 
In the neighbourhood 
of some of the most 
severe cracking, includ- 
ing the splitting of the 
concrete below the 
stirrups, shown in Fig. 
3, a drop of potential 
of IO volts to 20 volts 
was observed. 

In order to carry 
the water and steam 
pipes and the overhead 
tramways used in the 
building, each beam or 
girder is provided with 
two or more cast-iron 
sockets, bolted to the 
reinforcing rods апа 
reaching the lower sur- 
face of the concrete, 
as shown in Fig. 2. 
The electric leads are also carried by these iron sockets, the 120-volt rubber- 
covered leads being enclosed in japanned steel conduits, which have openings 
at each switch, outlet and fixture. As steam and acid vapours arise all over 
the building from the processes carried on, these vapours naturally condense 
in the conduits and cause leakage of current through the conduits, brackets and 
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Concrete forced off at stirrups of beam. 


Fig. 3. 
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ELECTROLYTIC CORROSION. 


sockets to the steel reinforcement. The most serious injury is under rooms 
cooled by refrigerating pipes. Here the concrete 15 constantly moist, and there- 
fore a conductor of electricity. We have, in consequence, a current passing from 
steel to steel through concrete more or less saturated with a solution of various 
salts; in other 
е 898% eM E: words, we have the 
EN necessary condi- 
i . tions for electroly- 
A n tic action. Direct 
4 | measurements 
with: two volt- 
meters showed 
that the potential 
fall in the con- 
crete was unaffec- 
ted by switching 
off the railway 
current, and was 
therefore due only 
to the lighting 
circuit. 

When the elec- 
trical conditions of 
the Southampton 
jetty were investi- 
gated, it was found 
that the return 
wire of the light- 
ing circuit was 
earthed to a steel 
bridge resting on 
the jetty. The 
current could only 
find its. way to 

the earth through 
a water main or 
through the rein- 
forced concrete. 
A difference of 
| 7.» potential of 9 volts 

Nte g af | Or IO volts existed 

between the steel 
of the bridge and the water. When the reinforcement was exposed and con- 
nected with the water, a difference of potential of only 0°04 volt was found 
between it and the water. This difference is very small, and probably does not 
represent the actual leakage. Р 
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Cracking on underside of beams. 
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On the Extension Quay at Southampton a difference of potential of o'11 volt 


was found between the reinforcement and the water. 


As the tramway rails on 


the quay were about 0'30 volt higher, this was probably the source of the 


Fig. 5. Cracks in a column along reinforcement. 
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electrolytic action. 


Experimeéntal 
Tests. — Mr. H. P. 
Brown's investigations 
included some experi- 
ments ,with concrete 
blocks, 5 in. by 41 in. 
by 91 in., each contain- 
ing two I-in. steel rods. 
These were placed in 
circuit in the building 
at points at which 
leakage was found, and 
whilst those connected 
with the railway line 
remained uncracked, 
those which received 
the leakage from the 
lighting circuit cracked 
in the course of two 
days around the positive 
rod, and in nine davs 
the crack was 2 in. deep. 


Conductivity of 
Mortar.—-Messrs. Mag- 
nusson and Smith found 
that the electrical resist- 
ance of dry neat cement 
blocks, after setting for 
twenty days in moist 
air and then being dried 
for forty days, was 1,270 
megohms per cubic 
centimetre, and that ot 
a I:3 mortar under 
similar conditions 1,060 
megohms ; that is, the 
material is an insulator. 
When moist, however, 
the resistance falls enor- 


mouslv, values of from 8,700 ohms. to 2,900 ohms. being obtained, the 
resistance depending on whether plain water or a salt solution is present. The 
effect of moisture on neat cement and mortar 15 practically the same. 
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Passing a current through moist concrete blocks was not found to have апу 
appreciable effect on the material. Other observers have found actual damage 
from this cause, but it is unlikely that the current densities arising from leakage 
will produce disintegration in the absence of steel reinforcement. Corrosion 
could be in a large measure checked by painting the reinforcing rods or otherwise 
protecting them, but it is obvious that this safeguard is insufficient, and that wher- 
ever the protective coating becomes defective damage may occur. Moreover, the 
loss of adhesion between concrete and reinforcement caused by painting the 
latter must not be overlooked. No protective measure of this kind will succeed 
in preventing corrosion for any lengthened period. 


Fig. 6. Ty pical beams affected by the electrolytic action. 
THe ELECTROLYTIC CORROSION OF STEEL REINFORCEMENT. 

Experiments with Different Electrodes. —Previous experiments, using high 
current densities, had been made by Mr. U. J. Nicholas, of the Massachusetts 
Institute, Prof. A. S. Langsdorf, of St. Louis, and Messrs. Eltinge and Beers, of 
the Rensselaer Polytechnic Institute, but the effects observed were undoubtedly 
due very largely to expansion by heat. The more extensive experiments of 
Mr. Barker and Prof. Upson were directed towards the comparison of different 
` electrodes, and of different current densities. The concrete used was a 1:2:4 
mixture with sandstone aggregate, and the specimens were tested simultaneously 
to obtain comparative results. Both alternating and direct currents were used, 
so adjusted that o'rt ampere passed in each case. With direct current and 
embedded iron electrodes cracking developed after about twenty days, whilst 
alternating current of such low density did not produce any effect. Heavy 
alternating currents of 3 amperes split the blocks after eight hours to ten hours, 
but the effect in this case was evidently due to the heating effect of the current, 
and not to electrolysis. Collapsible electrodes made of sheet iron rolled up in a 
spiral lasted longer, owing to room being allowed for the formation of oxide, 
but the final result was the same. Carbon electrodes, although no iron oxide 
was formed, caused expansion and disintegration, most likely on account of 


impurities in the carbon used. 
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Blank experiments showed that the rise of temperature due to the passage 
of the small current was insufficient of itself to do any damage, and the effect is 
therefore to be attributed to the formation of rust and consequent expansion. 
The rust appears partly at the anode surface, but also partly in the mass of the 
concrete, Some rather inconclusive measurements were also made of the strength 
of concrete blocks subjected to electrolvsis. Хо noticeable reduction of strength 
was observed up to the point at which cracking took place. The general result 
of these experiments is, then, that an accidental large leakage of direct current 
mav bring about destruction in a few hours, whilst gradual small leakage may 
cause cracking after an interval of weeks, months, or vears. Alternating currents 
of such strength as are likely to be met with are without effect. 

The Effect on Reinforced Concrete Structures. —After the discovery of the 
state to which tlie beams of the New York building had been reduced by electro- 
lysis, it was decided to make loading tests on some of the most severely injured 
beams, in order to determine whether they had become unsafe. Two beams, 
20 ft. to 21 ft. span, were selected for the test. They were 12 in. wide by 181! in. 
deep below the slab, 5 ft. 3 in. from centre to centre. Loading up to 250 lb. 
per sq. ft. produced deflections in the centre of 0:033 in. and 0°05 in. respectively. 
The deflection increased regularly as the load was applied, and it was evident 
that the beams were still amply strong enough for their work. This is probably 
due to their originally having a strength in excess of requirements, in part also 
to the cracking being limited to the middle section of each beam. The original 
arrangement of the reinforcement was wasteful of steel and contrary to good 
practice, and were the electrolytic corrosion to proceed much farther there is 
no doubt that the adhesion between the steel and the concrete would be so 
thoroughly destroyed that complete failure would occur. The damage to the 
Southampton structures was less serious, but was of the same nature. Other 
reinforced concrete quay structures in the same neighbourhood, including 
Messrs. Thornycroft's jetty at Woolston, constructed as far back as 1899, were 
uninjured, and in these cases leakage of electric current was found to be absent. 

Conclusions. — The following conclusions may be drawn from the published 
results, and are in the main identical with those drawn by Mr. H. P. Brown: 

I. All electrical leads must be well insulated. Rubber-covered wires 
in japanned steel conduits are unsuited for the purpose, especially where 
steam and acid fumes are present in the atmosphere. 

2. The intermediate wire should not be earthed in 3-wire svstems. 

3. The secondary circuit of a transformer should not be earthed within 
à building. 

4. All the reinforcing steel in a structure should be in electrical con- 
nection by means of binding wire. 

5. Gas, water and steam pipes should be insulated where they pass 
through concrete walls, etc. 

6. In new buildings of steel or reinforced concrete the foundation 
steel should rest on good concrete. 

7. Frequent tests should be made with a voltmeter to detect small 
stray currents, and whenever a pipe or reinforcing rod is found to be positive 
to the earth or to a neighbouring conductor steps should at once be taken 
to remedy the leak. 
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We have received partícslars as to two new forms of construction which have recently 
been introduced on the English market, namely, the ‘*Clinton’’ system of reinforcement 
and **' Dentile’’ hollow floor construction. The details Eelo«» should, of course, be reaa 
As ex parte statements of their promoters, but we commend them to our readers as extremely 
interesting methods of construction and worthy of attention. —ED. 


THE “PARAGON” AND "CLINTON" SYSTEMS OF REINFORCEMENT. 
THE “ Paragon ” stirrups, hoopings, and helical wrappings, made by the British 
Reinforced Concrete Engineering Co., Ltd., of Manchester, have been in use as 
rigid beam and column reinforcements for a number of years, and we have on 
more than one occasion given particulars of buildings in which they have 
been used. The company have now supplemented this method by a 
rigid slab reinforcement, known as *' Clinton Fabric,” consisting of a rectangular 
mesh made from high-tension steel wire of light and heavy gauges. It is claimed 
by the makers that the Paragon system of beam and column reinforcement, 
supplemented by the Clinton electrically cross-welded steel wire reinforcement for 
floors, slabs, roofs, etc., gives the most complete and rigid construction possible. 

The Paragon stirrup, shown in Fig. 2, is so constructed that it can be moved 
intentionally with the greatest of ease, but cannot be displaced unintentionally 
through careless handling or ramming. This desirable feature is due to the fact 
that the force required to loosen and move the stirrup consists simply of squeezing 
the arms of the stirrup together, the manner of application and the direction of 


Fig. 1. Parazon Hooping. Еш. 2. Paragon Stirrups. 


such force being opposite to anv force likely to be applied through accident or 
carclessness. 

The stirrups, as will be seen in Fg. 3, are used with round or square bars, 
and can be fixed in any position with the greatest ease, thus combining simple 
application with rigidity when placed. 
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Fig. 3. Square and Round Bars with Paragon Stirrups, 
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Fig. 4. A Roll of Clinton Fabric. 
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In addition to the tension bar,which passes through the loop, a second 
tension bar can be placed just, above the loop to lie between the arms of the 
stirrup and be prevented from moving sideways. This arrangement is generally 
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View showing Methed of Laying Clinton Fabric. 


Fig 5. 
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adopted by the company. It allows the top bar to be bent up over supports 
as a contraflexure bar for continuous girders, while the lower bar runs straight on 
The Paragon hooping, used in columns and illustrated in Fig. т, is arranged 
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with loops at the corners to grip the bars and prevent displacement. Experience 
has shown that without some such device it is almost impossible to prevent dis- 
placement, which, of course, may mean a serious weakening of the column. The 
arms, which form part and parcel of the hoopings, lie across the core of the column 
and reinforce it against shear. 

The helical wrappings, also used for column reinforcement, in combination 
with looped hoopings to hold the bars in position, are made in short lengths, and 
are also provided with arms turned in to lie across the core. The helical wrappings, 
being used in short lengths, allow the concrete to be efficiently rammed in full view 
and under proper supervision. 

The Clinton Fabric, manufactured in England by the British Reinforced Con- 
crete Engineering Co., consists of а wire mesh made up of a series of parallel 
longitudinal wires, spaced at certain distances apart, and held at intervals by 
means of transverse wires arranged at right angles to the longitudinal ones, being 
securely welded to them at the points of intersection by a patented electrical 
process. An illustration of the mesh is shown in Fig. 4, from which the perfect 
alignment of the wires is plainly seen. The standard size of mesh varies from 
3 in. by 12 in. to 3 in. by 18 in., but any required mesh can be made. 

The British Reinforced Concrete Engineering Co. have sent us a copy of their 
new catalogue dealing with these two systems of reinforcement. It is extremely 
well got up, and is excellently illustrated. Besides giving particulars of the 
svstems and photographs and plans of structures in which they have been used, 
the book contains a large amount of valuable information arranged in a very 
convenient manner. There is a series of tables for columns, rectangular, and 
T-beams, lintels, floor slabs, hollow floors, wall, and column foundations, and 
piles. The tables give full particulars of sizes and safe loads carefully selected 
to provide for all ordinary cases of loading. The external dimensions and the 
internal reinforcements of the various sections are seen at a glance, and other 
necessary information is clearly given. The sizes are all designed and calculated 
in accordance with the recommendations of the second report of the Joint Com- 
mittee on Reinforced Concrete, the greater portion of which is reproduced in the 
book. There is a special article dealing with the mixing, shuttering, cost, etc., of 
concrete. 

Altogether the company are to be congratulated on the production of the 
book ; it is a most useful work, and should be on the desk of everyone interested 
in reinforced concrete work. 


DENTILE HOLLOW FLOOR CONSTRUCTION. 
THE Dentile hollow floor construction, which has been put on the English market 
by the Indented Bar and Concrete Engineering Co., Ltd., has been used with 
success throughout the United States for some years. Having regard to its 
interesting character, we are giving some details taken from particulars put at our 
disposal by the above-mentioned company. Their main argument in its favour 
is that this floor contains certain advantages claimed by the owners of tile floors 
(terra-cotta slabs) together with the well-known advantages of reinforced 
concrete construction. They hold that the best features of both forms have 
been adopted. 
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Dentile floors are constructed by placing upon the forms hollow tile blocks, 
which are so constructed as to be closed upon all six sides, and are provided with 
projecting flanges that serve to space them at proper intervals, leaving channels 
or ribs which are filled with concrete after the reinforcing bars are placed in 


өөө. 
Fig. 6. The Mitre Tile. 


Fig.8. The “L Tile. 
DenTILE HOLLOW FLOOR CONSTRUCTION. 


position. In the majority of cases the floor is completed by a layer of concrete 
spread on top of the tile. 


Ihe completed floor therefore consists of comparatively deep ribs of concrete, 
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the spaces between being filled with hollow tile. The concrete structural members 
thus formed are protected at the bottom by a continuous surface of tile, while 
the tile blocks are guarded against mechanical injury by a layer of concrete. 


of laying. 


DENTILE HoLLow FLOOR CONSTRUCTION. 


The Mitre Tile in course 


9. 


Fu. 


The construction of these floors is very simple and economical, and any con- 
tractor can carry out the work without previous experience. 
Among the advantages claimed for this system of floor construction are 
lightness, rigidity, simplicity of construction, and economy. By this method 
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less head-room is required than with systems reinforced in one direction only, as 
the whole depth of the secondary beams is saved. 
Another advantage put forward is that as the tiles are automatically spaced 


during construction. 


Tiles 


Denrice Hottow Егоок CONSTRUCTION. 


10. View of Floor of " L. "' 


Fig. 
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at the proper distance apart by the projecting flanges, while the reinforcing bars 
are held rigidly in the proper positions in each rib, no mistake can be made in 
construction. 
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Extremely long spans can be used with the Dentile system, clear spans up to 
32 ft. having been built and subjected to severe test, while spans up to до ft. 
can be used where the loads are light and the surrounding conditions favourable. 

There are three types of these floors for various conditions of span, etc., 
viz.— Mitre tiles, Bridge tiles, " L ” tiles. 

Mitre Tiles.—These are for use with a two-way system of reinforcement. 
As shown in Fig. 6, each unit consists of four wedge-shaped portions, which fit 
accurately together so as to form a closed hollow block. This enables the rein- 
forcement to be placed in both directions, and a very large span can therefore 
be obtained without beams. A feature of this tile is that the lip all round the tile 
forms the bottom of the concrete beam, so that the whole of the under surface 
of the floor is completely covered by the tiles, which are roughened to receive 
plaster, and no concrete is exposed. The illustration in Fig. 9 shows а Dentile 
floor in course of construction with Mitre tiles. 

Bridge Tiles. — This tile is shown in Fig. 7. When used alone it is a perfect 
tile tor small spans where a one-way system of reinforcement is desirable. Like 
the Mitre tile, it affords a complete tiled surface to receive plaster on the under- 
neath side of the floor. The lip at the sides of the tiles ensures even spacing, 
and that there is no waste concrete or any weak places in the floor. 

* L'' Tiles.—Ihese, in conjunction with Bridge tiles, can be used as a 
“two-way ” system of reinforcement, as shown in Fig. 10. In the " L” floors 
small flat filling pieces are used to put in the square corners between the tiles, 
so that in this case also the whole of the underside is completely covered with 
rouvhened tile for plastering. 
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By EDWARD P. BAILEY. 


The method of placing concrete described below is largely used ín the United States, and 
should be of interest to those of our readers connected with the erection of large works in 
reinforced concrete. —ED. 
THE gravity system of placing concrete described in this article is at the present 
time creating considerable attention, and a company has been formed to extend 
it to its fullest extent. 
This system originated in Southern California, and it has been used in more or 
tess practical manner in the erection of many of the largest buildings in the south- 
west of America, and in the construction of dams, bridges, and road and street beds 
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Placing Concrete for 8-storey Office Building, Los Angeles. Placing Concrete for Church in Pasadena, Cal. 


GRAVITY SYSTEM OF PLACING CONCRETE. 


where concrete was employed. From this vicinity, where the success of the system 
was amply demonstrated, its use spread up the Pacific Coast and eastward, for the 
great saving in the cost of the distributing and placing concrete instantly attracted 
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attention from afar. The possibility of turning a large item of expense into profit, 
with the consequent advantage this would give the contractor in figuring a job of 


Shc wing Central Tower over Mixing Plant Distributing through Open Flumes and Movable Auxiliary 


Chutes to Place. 
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Showing Forms and Reinforcement. 
THE CONSTRUCTION OF THE SEVENTH STREET BRIDGE, Los ANGELES. 


concrete construction, led to a quick adoption of the system by wide-awake builders 
far and near who learned of the new method and came to s22 it in operation. 


The operations of this system are: (1) The mixing of the ingredients, ston?, 
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sand, and cement, in any suitable batch mixer ; (2) the hoisting by a skip of the mixed 
concrete or plastic material to an elevated hopper ; (3) the transferring of the con- 
crete through pipes leading from this hopper to the point where it is desired to be 
placed ; (4) the extreme simplicity of design and construction. 

A few of the points of the superiority of this method over the wheelbarrow or 
cart method of distributing are enumerated as follows : 

First, the obtaining of the initial set of the concrete not en route from the mixer 
as is frequently the case in long hauls in cart or wheelbarrow, but in its proper place 
in the floor or wall, where the right condition of the concrete before set is necessary 
to secure best results from the material. This is accomplished by the períected 
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View showing Reinforcement in Place and Method of Pouring Concrete. 


THE CONSTRUCTION OF THE SEVENTH STREET BRIDGE, Los ANGELES. 


gravity system, because of the rapid handling and depositing of the material into 
the forms in the shortest possible time. 

Second, a uniform, homogeneous, plastic mixture in place, due to the large 
quantity which can be poured at one time. This is secured by certain details in the con- 
struction of the perfected gravity system appliances, as was shown in pouring the 
columns of the Pasadena Christian Scientist Church. Here an iron rod was easily 
sunk after the forms had been filled with new concrete, down the entire depth of over 
25 ft., showing that the rock was held in proper suspension in the concrete, and that 
the aggregates had not become separated. 

Third, the unlimited variation in design of buildings to which the gravity system 
is adapted, from the simple foundation and dam work to the most complicated dome, 
column, and frieze work, such as found on tall buildings and overhanging cornices. 
The system has been used successfully and economically on all classes of structures. 
from the eight-storey, 32-ft. front office building shown in one of the illustrations, 
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to long bridges, such as in the construction of the Seventh Street Bridge, illustrated 
on pages 857 and 858. In the almost quarter mile long Precooling plant at San 
Bernardino the concrete was run by gravity a distance of 502 ft. 

Fourth, the use at all times of a standard equipment for the entire process of 
mixing, transferring, and placing, much of which equipment can be secured at 
minimum or little expense. 

Fifth, in floor work the saving of breakage of hollow tile and displacement of 
steel, also in cost of labour and material in building runways. The cost of the tower 
for the gravity svstem is off-set by the cost of staging for barrow or cart runways, 
and the cost of pipe is more than off-set by the first cost and deterioration of whcel- 
barrows and carts. 

Sixth, the assurance that deep, thin walls will be perfectly filled. This is claimed 
for the perfected gravity system by the improved construction of certain features 
in the appliances, herctofore noted, which guarantee proper condition of the con- 
crete in place. 

Seventh, the ability to handle large quantities quickly, the output being limited 
only by the mixing and hoisting capacity of the plant, thereby effecting a mono- 
lithic construction. 

Cost.—Quality is always to be considered first. The gravity system, properly 
constructed and properly used, assures the quality. Next in importance is that of 
cost. In this respect this system is ahead of all others yet devised. Where by the 
wheelbarrow method of distributing the cost runs from 60 c. (2s. 6d.) to $1 (4s. 2d.) 
per yard, or by the use of carts from 40 c. (1s. rod.) to 75 c. (3s. 10d.), by the employ- 
ment of the gravity system this cost is reduced to 15 c. to 25 c. 

This is the most apparent saving, yet there are many others of vital import- 
ance claimed, such as the shifting of planking or platforms and staging to delay work, 
displacement of tile, stecl, etc. ; the putting up and taking down of scaffolding is 
uncertain as to cost, and very often a slow process. It is claimed that by the gravity 
system patching and replacing of concrete which sets prematurely is entirely avoided. 

The construction world is displaying a lively interest in the newly-formed Con- 
crete Appliances Co., organised to further a more extended use of concrete through 
the development of machinery and appliances for mixing, handling, and placing 
concrete and the exploitation of inventions along this line. This interest is due 
to the fact that the system of distributing and placing concrete herewith illustrated 
will be made of practical benefit to every contractor for concrete structures by the 
payment of a licence fce for its usc, resulting in cutting down in one of the large items 
of expense in such construction. The licence fee has been figured down to a small 
percentage of the cost saving, and this fee will be required as a royalty for the use 
of the system. 

The first appliances which this company controls through patent rights and is 
offering the building and construction world generally, is a perfected system of mixing, 
distributing, and placing concrete, using the “ gravity system " described above. 
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It is our intention to publish the Papers and Discussions presented before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 

The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. —ED. 


THE CONCRETE INSTITUTE. 
FIREPROOFING. 


Paper by Mr. RICHARD L. HUMPHREY, of Philadelphia. 
(President National Association of Cement Users.) 

The Concrete Institute opened its Ausiumn Session on Thursday, October 26th last, 
at 8 p.m, with an ordinary general meeting at Denison House, Westminster, S.W., 
Sir Henry Tanner, C.B., F.R.I.B.A. (President of the Institute), presiding, when 
Mr. Richard L. Humphrey, of Philadelphia ( President of the National Union of Cement 
Users), delivered an address on “ Fireproofing,” illustrated by some exceedingly 
interesting and instructive lantern slides. 


MR. R. L. HUMPHREY, Reader of the Paper. 


Generally.—\t was rather an interesting proposition for an American to come to 
Europe and talk on the subject of fireproofing. The conditions in America were 
notoriously bad. America had the proud distinction of having the greatest fire losses 
in the world. The losses in America were enormous, and each succeeding vear did not 
seem to bring an appreciable decrease in them. It would seem, therefore, rather 
incongruous for America to come and talk on the subject of fireproofing to a country 
that was particularly low in fire losses. 

The very fact that they had such enormous losses in America had led them to 
study the subject of fireproofing and fire prevention, and it had been a necessity to find 
out ways and means to prevent the enormous annual destruction of building materials 
by fire. 

In Europe, where the losses were low, the question was not by any means so 
urgent, and perhaps the same attention was not given to it as in America. Nevertheless 
his observation of the conditions in America and Europe led unquestionably to the 
conclusion that it behoved not only England, but all the countries of Europe, to study 
this question of fireproofing, and to study it seriously. In Europe there was a growing 
tendency to the concentration of enormous stacks of merchandise in buildings, and this 
Was as much a menace in Europe as perhaps it was in America. 

In this country they were blessed with an abundance of slate апа building 
stone. In America they had an abundant supply of lumber, and the early settlers built 
frame structures; then structures of a permanent form began to be erected. These 
permanent buildings, however, were surrounded by the inflammable structures, which 
in time of conflagration served as a means for burning the more permanent structures ; 
and throughout America there were numerous illustrations of small towns wiped out 
in the matter of a day, or perhaps a few hours, by reason of these frame structures. 

The question of the construction of buildings was always a question of economy. 
Fortunately in America the increasing scarcity of lumber and the increasing cheapness 
of concrete had led in a large measure to the elimination of these flimsy buildings, so 
in time probably the menace that they had in so many of their cities would be eliminated. 
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No building was absolutely fireproof. In America the term “ fireproof building "' 
was used, but it was a dangerous appellation to put on a building. In the first place, 
it instilled in the minds of the occupants a sense of security that often led them to 
neglect those precautions which were so necessary and which, if the building were 
labelled ** non-fireproof," they would be careful to observe. In America, under the 
rather poor building laws that were promulgated generally, they erected buildings 
of a low fire resistance, and equipped their fire departments with magnificent fire- 
fishting appliances, high-pressure water systems, and the country was subjected to a 
great annual tax for the maintenance of this expensive fire-fighting system. 

The annual losses were not by any means represented by the annual destruction 
of property. In addition to the destruction of property and building materials, there 
was the annual tax necessary for the upkeep of the fire-protection service, and then 
the additional tax arising from the very high rates of insurance; so that, year by year, 
the total annual losses from fire, w hich he believed were EHUR ly preventable, were 
represented by a great deal more than the two or three dollars per head, which was 
merely the value of the property destroyed. 

It was regrettable that property that was once destroved was a permanent destruc- 
tion, and they felt in America, where the question of the concentration of the resources 
was receiving so much careful attention, that it was of the utmost importance 
that they should study the conservation of building materials, so that now generally 
throughout America there was a tendency to revise the building laws for the purpose 
of ensuring the erection of better structures. Of course, it was impossible to make 
those laws in a large measure retroactive, and there must necessarily exist for many 
vears to come buildings which at best could only be described as tinder boxes. 

It frequently happened that the walls of a structure were standing after a fire, 
and people pointed to those walls as an evidence of the fact that the building had 
satisfactorily passed the conflagration, Sometimes the walls were of concrete, and 
after the fire were in good shape, and only required a renewal of the floors, doors 
windows and roof, to make a habitable dwelling. | People looked at that building 
with its walls of concrete and said, '* Why, it is a first-class fireproof material." The 
value of the structure that remained was about 8 per cent. of the cost of the building; 
the other 92 per cent. had been destroyed. Jt was not the fault of the concrete. The 
doors were all wood, the roof was of wood, the windows and doors were all wood, 
so that was far from being a fireproof building. 

Then again, it frequently happened that the floors and columns are fireproof, but 
the front walls are cast iron which are destroyed, or the walls of brick which fall 
down. He would show them one of the best examples in America of the behaviour of 
reinforced concrete in a serious conflagration. This was the building of the Guaran- 
tors Trust Company, of Baltimore, and load tests were made on the floors after the 
fire by the building department, and they were found to be amply safe under the 
ordinary building laws. 

Fire Resistance of Stone.— Stone was very largely used not only in this country 
and in America, but all over the world, as an ornamental material, and И was evident, 
from the study of buildings where there have been fires of intense heat that the stone was 
almost entirely destroved. It was almost impossible to replace the ornamental character 
without entirely rebuilding the siructure.. The behaviour of granite and hard sand stone 
in fire, which splintered and split, was ample evidence that the subject of natural building 
stones should be studied with a view to determining their resistance to fire. The United 
States Government had undertaken some studies of this kind, and they found that 
it made a material difference as to how the stone was quarried in its fire resistance. 
Thev found that granite could be quarried so as to offer almost 100 per cent greater 
resistance to fire in one direction than it did in the other direction; so that in the 
matter of ornamental building stones there was much to be learned in the manner 
in which the stone was quarried from. the point of view of its fire resistance. If 
stone was to be used as a structural member of a building it must be fireproof, 
just the same as a steel member should be fireproof. 

Protection of Steel.— In nearly all the great conflagrations which he had visited it 
was a frequent sight to see buildings of steel which had not been properly fireproofed, 
and it was evident that something must be done to protect that material, for while 
steel might have great strength at normal temperatures it had little or no strength at 
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high temperatures. Then, again, it frequently happened that the floor of a structure 
might be reasonably fireproof and constructed properlv, but the supports of the tloor 
were cast iron, or some equally bad material, and the failure of the column to 
support the floor caused a collapse. 

In the Academy of Science in San Francisco the architect made a slisht mistake 
in the calculation of the size of the cast-iron column, and the contracior, in order 
to relieve the situation, filled the interior with concrete. When the conflagration 
occurred in San Francisco, the cast iron expanded under the action of heat, and 
cracked and fell, but the load above was carried by the concrete core, which was 
more fireproof. 

Terra-Cotta,— It was a striking matter of fact that architects and people in general 
in America regard burnt clay as an admirable fire-proofing material. He thought in a 
large measure this opinion had been based on the fact that small pieces of burnt fire 
clay, when placed in a fire and got hot and thrown into water, are not disintegrated. 
But the clay was not used in that wav, but in the shape of a tile. In the process of 
manufacture it often happened that these tiles were cracked in the corners, and when 
a column which was fireproofed was subjected to the action of heat, the unequal 
expansion of the outer face of the tile, as contrasted with the inner face against the 
steel, caused an expansion which the thin web at the corner was unable to resist, and 
the tile and the web cracked. As a result, the tile was broken away from the column, 
and the column, left to the action of the heat, collapsed. 

He would show an illustration of this form of fireproofing with clav which he 
had previously described, where the space between columns has been protected bv a 
thin veneer of perhaps two or three inches of terracotta. They could see where the 
column had settled eight or ten inches by buckling, and the floor above of concrete 
has been so seriously "cracked as to endanger its safety. 

Now, it frequently happened that where terra-cotta tiles had been used the 
lower web, by reason of its expansion, had flaked off. In a case of that kind nothing 
could be done in the way of restoration except bv entire reconstruction of the floor. 

Other Methods of ‘‘ Fireproofing.’’—\t often happened that in the construction 
of columns an attempt had been made to fireproof them by binding around the column 
perhaps a metal fabric, and then plastering it. In the Fairmont Hotel fire about 100 
columns fell as a result of this kind of fireproofing. It frequently happened that the 
floor settled as much as a foot. Now there was no great fire in that building; the hotel 
had not been completed, and the only material there was lumber that was used in the 
construction of the building, which was not a great amount, but the burning of this 
lumber was sufficient to develop enough heat to buckle the fimsily constructed columns. 
and in the destruction of such buildings one frequently saw the folly of those flimsy 
evasions of the law. 

A quite common type of fireproofing of a column in America consisied of perhaps 
one thickness of a wire mesh, with perhaps three-quarters of an inch of ordinary 
hard plaster. Та the inside are placed pipes and other metal structures. The destruc- 
tion of that fireproofing was very rapid. He had seen structures that had been fire- 
proofed in that wav, and one could not tell that they nad failed except for a slight 
bulging in the wall, but when one came to tear awav the fireproofing it was found that 
the column had buckled. Now, in a fire of any intensity, the first action on this plaster 
was to drive off the moisture, and leave an inner powder which is a good conductor of 
heat, and the conduction of heat to the steel causes the expansion and consequent 
buckling under the superimposed load. 

In most of the newer building laws of America there were strict clauses which 
prohibited the embedding of pipes and conduits of various kinds in the fireproofing. 
He would show them the manner in which the contractor often worked in order to get 
the pipe in comfortably. Many of them were not discovered until a fire caused the 
stripping of the fireproofing, and then it was seen in one case how the contractor had 
broken awav the web of a tile in order that the tile might be fitted around the pipes. 
Another difficultv in this form of construction was that it was impossible to get perfect 
tiles. Thev not only crack in the process of burning at the corners w here the web 
joins, but in handling it frequently happened that they were broken and spoiled. 

In the San Francisco and Baltimore fires this was a frequent sight--columns 
buckled and the floors settled anywhere from 12 in. to 18 in., and after the fire it became 
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a problem as to what should be done. In some buildings jacks were employed, and 
these reinforced concrete floors were raised to their normal position, the buckled columns 
cut out, new ones put in and fireproofed, and they were passed by the authorities as 
being perfectly good. Just what the condition of the floor was after having settled 
18 inches, and then being pushed *oack in position, no one knew. | 

The floor, of course, was an important structure. If the column was reasonably 
fireproof, it was necessary that the floor should be fireproof too. The suspended ceiling 
was a good idea, but, unfortunately, was not always properly carried out. It was found 
in the San Francisco and Baltimore fires that that ceiling, suspended on to the main 
ceiling, acted as an excellent shield and greatly increased the fire resistance of the floor. 
Unfortunately, in carrying out this idea, it frequently happened that ordinary gypsum 
or plaster was used, and with a very flimsy anchor the gypsum lost its life at a very 
low temperature, and the anchor was destroyed in heat and the ceiling fell. 

He saw a building of reinforced concrete with columns well protected, but the 
engineer who designed the structure put a flat band of steel under the rib of concrete 
without any protection to the steel. It happened in this particular building, which was 
a warehouse, that there were great quantities of wooden "boxes stored there. The heat 
expanded these bands, and the superimposed load all went through. Another evidence 
of lack of intelligence in designing the structure ! 

Another very common tvpe of construction was where tiles were placed against 
the side of the girder, and a verv thin coating of hard plaster placed over the tile and 
round the flanges. Of course, as far as the interior decoration of the building was 
concerned, this was economical and effective. As far as the fireproofing of the steel 
was concerned, it was absolutely of little value. It would be better if the steel girders 
were entirelv unprotected, because then the people who occupied the building would 
realise that they were unprotected, and would exercise precaution to avoid a fire in that 
particular building. It frequently happened that the girders were protected with a thin 
protection of plaster supported on an anchor, and the failure of this plaster exposed 
the steel work to heat and caused the consequent destruction of the floor. 

It generally happened that the roof trusses of a building were never protected. The 
upper ceiling was rendered reasonably fireproof, but the steel trusses of the roof were 
not protected, and as a result it frequently happened that the roof became the entry for 
a fire from the outside. It was just as necessary to protect the steel work of the roof 
аз it was any other part of a structure. 

Another common method of fireproofing was where the beam that carried the floor 
was simply protected with a very thin coating of plaster, and this ceiling was supported 
bv a very light metal clip. By the action of the fire, although only of moderate 
intensitv, the value of the plaster was quickly destroyed and the anchor failed, and the 
result was another ceiling was destroyed and came down, leaving the steel entirely to 
the mercy of the flames. 

In most cities there were buildings of large size that are reasonably fireproof. 
They were monumenial in their construction but were surrounded bv fire traps, and 
this was particularlv true in their large cities in America, where there were buildings 
extremely high, and which if they were properly protected with metallic. window 
frames and door frames and fire-glass windows would probably act as a barrier, but 
with unprotected plain glass and perhaps wooden frames, the destruction of the tinder 
boxes surrounding them brought about the destruction of the contents of the buildings 
and often the buildings themselves. 

It was not only necessary that the floors and columns of a building should be 
properly protected against fire; it was also necessary that the exterior exposures—not 
only the interior but the outside—should be protected. It frequently happened that the 
windows were perhaps metal frames protected with terra cotta or some similar fire- 
proofing, and the destruction of these windows led to an easy access for the flames to 
spread from floor to floor, and resulted in the entire destruction of the building. 

General Question of Fireproofing.— There was a tendency to-day for the de- 
velopment of great businesses, and with that came enormous warehouses. There was 
also a tendency, even where the laws of the country tended to restrict unbroken floor 
areas, to concentrate in buildings inflammable merchandise in large quantity. Now, in 
Europe an effort was made to build fireproof buildings, and then have a sufficient fire 
service to go quicklv to a fire, so as to arrive there almost as soon as the fire occurred 
and extinguish it, ard that, to his mind, was the ideal condition. 
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They should try to build reasonably fire-resisting buildings, and then provide such 
means as would prevent a fire in the contents. It was not sufficient argument for the 
fire resistance of a material to say that, because the skeleton of a building stood, the 
building was fireproof, because it frequently happened that the value of the struciure ах 
it stood was only perhaps 15 per cent. of the cost of the building. 

He believed personally that concrete was going to play a very important róle in the 
question of fireproof construction of the future, and the Concrete Institute of England 
and the concrete organisations of America had a very important responsibility and a 
very important task before them. It was known that concrete was reasonably fire- 
proof, but not much was known about its properties or the methods of construction 
from the point of developing buildings of the highest fire resistance. In a report on 
the various concrete buildings that had been erected in America during the last five 
years, the owners of 23 per cent. of the buildings reported that thev carried no insur- 
ance on the buildings themselves, and merely insured the contents. 

It was just as necessary to provide fire protection for the concrete member in a 
structure as for a steel member, a wooden member, or a stone member. There was 
no doubt that different aggregates had different rates of expansion, and that these 
different rates of expansion caused a proportionate destruction of the concrete. 

It behoved the members of concrete organisations not to stand on the superior 
excellence of concrete as a fireproofing material, but to study the question of its fre- 
resisting properties and the methods of its construction, so that they could intelligently 
design structures in which the material was applied to the verv best advantage, because 
if conflagrations occurred in buildings that were not properly constructed, and they 
were destroyed, it reacted against the merit of the material; and it behoved the mem- 
bers interested in this industry to study this problem, and advance its intelligent use. 
It was not wise to say that concrete was fire-resisting and needed no protection. The 
structural members of a concrete building needed just as much protection as steel. 
He believed that, as years went round, there would be no reason why there should be 
even a loss of 33 per cent. per capita in the buildings of Europe. 

The destruction of building materials by fire was preventable, and the fact that 
in America the loss was ten times greater than in Europe was no excuse why this 
country, with its years of experience and favourable conditions, should not exercise the 
same care to prevent the loss of 33 cents per head of its property every vear as America 
was to prevent the loss of three dollars per head by the study of those problems, so 
that the whole world might be benefited. 

He could not talk on the subject of fireproofing without paving his tribute to the 
admirable work which had been done in England, especially by the British Fire 
Prevention Committee. The effect of the work of that Committee, which was a work 
of love, had been felt especially in America and all over the world, and he was verv 
glad to be able to testify to its merit and express his appreciation and thanks for the 
admirable work that this Committee was doing. It needed support and co-operation, 
and he believed that in an Institute of this character the study of the construction of 
buildings that were fireproof was something that should occupy their entire time. 

In America they were erecting buildings of concrete, not from philanthropy, but 
because the buildings were in themselves economical. In the first place they could 
construct buildings of reinforced concrete in many cases more cheaply than they could 
be built of slow-burning wood. In the second place, the Insurance Companies placed 
a lower rate of insurance on such a building than they did on the other ; and, in the 
third place, the maintenance of that building was considerably less than in the case of 
wood or steel, so that the owner of such a building was not actuated by philanthropy, 
or to help the cause, but was governed by dollar and cent propositions, and that Was 
why so many buildings were being erected with reinforced concrete to-day, and it was 
a blessing to the country that such was the condition. | 

Unfortunatelv, the knowledge of the use of concrete was not definite, and there 
were manv buildings erected which, in his judgment, were very flimsy, and some dav 
they must have occasion to regret their erection, and it was all the more important that 
they should study the subject, frankly admit the weaknesses of concrete, and trv to 
educate people into its proper use. | | 

In this talk he hoped he had given them matters of interest ard thought. : Tt was 
a subject that he wits particularly interested in, and he hoped to see the Conerete 
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Institute join in the study of the fire-resistance of concrete, because that was one of 
the most important phases of the study that needed attention at the present time. 
Не had a warm regard and admiration for the work the Concrete Institute were 
doing, and he brought them the friendly co-operation and greeting of their American 
Association. It might be their good fortune to greet the members of the Institute in 
America, and he trusted there would always be between the two Institutes friendly 
co-operation in the advancement of the use of this material. | 


DISCUSSION. ` 
Mr. Edwin О. Sachs, F.R.S.Ed. (Vice-President, Concrete Institute), in 


proposing a vote of thanks, said the members of the Concrete Institute were extremely 
indebted to Mr. Humphrey for devoting one of the few evenings he was spending in 
London at the present moment to be with them and to give them such a highly 
interesting '* talk.” They were also extremely indebted to him for bringing over such 
interesting. slides, for the selection presented. was eminently interesting and instruc- 
tive. They could not have been better thought out and brought together. 

Mr. Humphrey had mentioned the misnomer, ** Fireproof." The word fireproof 
had certainly been a most abominable misnomer, and to his mind it had done more to 
injure the progress of true fire prevention than anything else. It was a bugbear to 
that famous fireman Sir Evre Massey Shaw as far back as 1870, when he wrote 
scathingly about it in the public Press, and whatever had been done since to mitigate 
the use of that horrible word it was yet all too common, although its fashion was 
fortunately decreasing in certain degrees. In the United States there had also been 
much talk about the use of that particular word, ** Fireproof," and he hoped there 
would be substituted for it some day the more suitable word, ** Fire-resisting,’’ which 
was the word that was gradually finding adoption in the British Empire. 

The story illustrated in the lantern slides went very much to show that the use 
of hard terra-cotta slabs or “tiles” was not to be recommended in fire-resisting 
construction; in fact, terra-cotta, whether it be tile or semi-porous terra-cotta, as now 
often found on the market, was certainlv out of place where true fire resistance was 
wanted. Nevertheless, they musi always recollect that the employment of terra-cotta 
porous solid slabs and bricks could be safely used for light partition work and the like 
where only temporary protection was to be afforded in dwelling-houses or other 
domestic structures. 

This matter of discriminating between different degrees of fire resistance made 
him suggest thev should adopt more universally a classification between the different 
fire resistants. They should require for a * fully protected "' building far more than in 
one intended to afford partial protection, and again more than in one of ''* temporary ” 
resistance. Thus, whilst terra-cotta was useful for affording temporary protection in 
domestic buildings and the like, and certainly formed a far better partition than the 
old-fashioned stud partition, it was of little use for the more dangerous class of build- 
ings. The experience of actual fires in Europe and in the United States had gone to 
show this through the thorough investigations that had been made by Professor Woolson, 
of New York, and of the Chicago Laboratories of the American underwriters, as also 
those of the British Fire Prevention Committee, to which Mr. Humphrev had referred. 

Taken all in all, there was no doubt that if they weighed up questions of economy, 
practice, utility, and so on, a properly designed and properly constituted concrete 
would afford the most practical fire resistance that could be got at the present day. 
And it would certainly be most welcome if among the subjects that the Concrete 
Institute took up were how to help the Fire Prevention Committee in their serious 
inquiry into certain phases of the fire resistance of concrete which had not vet been 
fully entered into. 

As Mr. Humphrey had said, however, even concrete structural features required 
** fire-proofing." A reinforced concrete beam, with its metal work partially protected 
with half an inch or an inch of concrete, was not a fire-resisting structural feature of 
any verv great moment. Experiment and experience had both shown that for à 
practical beam of anything over то ft. span at least two inches of protective concre cof 
proper aggregates were required to protect the steel members, Should this not be, оу 
sible or practicable to obtain, or should in very large beams only two inches be fiver}, 
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plaster, or what he believed was being used at the present moment in the United 
States, a kind of pumice covering or cinder covering, no matter; but some kind of 
covering was certainly required for these verv large reinforced concrete girders, which 
showed all too little protection at the moment to their metal members. Where the 
fashion had come from of not protecting the metal sufficiently he did not quite know, 
but he was afraid it came, to a certain extent, from France and Belgium. 

As to the general features of fire protection in the United States, as compared 
with those in England, they had one very great advantage in the Metropolis in rigidly 
limiting the cubic extent of their buildings. Until recently this was most strictly 
enforced. Now, with the tendency to build. large stores and larger workshops, powers 
had been obtained through Parliament to extend the limits to a certain extent, and 
they were being so extended in many instances. A note of warning should here be 
sounded that the limits should not be extended too liberally. 

The other great safeguard їп London was certainly their height limit, and the 
fact that in the new high buildings the two floors and the roof had to be of fire- 
resisting construction. 

Then, another great safeguard was the splendid way in which the Regulations 
as to party walls had been per Тесу enforced ever since 1853. 

On top of these structural safeguards they had one other safeguard which plaved 
an important part. He believed they paid more attention to the safetv of the life of 
the human being in this country than perhaps in any other country. Life counted 
for more. With this provision for the safe ‘guarding of life, they had received many 
regulations specifically intended їп the first instance to save lifelike the provision 
of exits, staircases, and so on, and these all made towards better building construc- 
tion as a whole. 

In those four points he thought they had a certain advantage, and it was to be 
hoped that some of these points which Mr. Humphrev had been studying in England 
and on the Continent would be embodied in that great Building Act in New York, 
which was now being worked upon, and drafts of certain portions of which the British 
Fire Prevention Committee and he himself had been honoured with for their observa- 
tions a short time ago. 

They had to thank the United States, however, for a great manv things in the 
development of their building construction of late years. They had to thank them 
largely for a number of the better constructed floors that they had got over from the 
United States, quite a number of doors, and also for the more general use of wire- 
glazing. 

He asked them to accord Mr. Humphrey their very best thanks for coming over 
and speaking to them in such a very delightful and interesting manner. 


Mr. E. Fiander Etchells, Р. Pbys.Soc., in seconding the vote of thanks, remarked 
that, with regard to the low loss of life in London, it was largely due to the pro- 
vision of suitable means of escape, quite apart from the question of the construction 
of the building, and he had generally found that the loss of life had been due to the 
contents of the building. For instance, in the Clapham Junction fire, and also the 
one the previous night in the Walworth Road, no matter how ‘ fireproof "^ a building 
might be, the owners, for the best of reasons in this world, crammed as much goods 
into the shop as possible, so that the passages were only two or three feet wide. 
The position of affairs is such that when one lot of goods took fire, it immediately 
spread to the next lot. This question of getting fire protection for the contents. of 
the building was so intimately connected with the question of rental values, the 
desirability of getting the most out of апу given premises, that absolute fire prevention, 
he feared, was almost impossible. 

As to the question of * fre resistance," as a term, instead of * fireproof,“ as a 
matter of fact, in all recent legislation fire resistance was spoken of, and not °° fires 
proof," because it was gener rally recognised now that fire resistance itself was merely 
a relative terim, and they had only to get a high enough temperature and any mate rial 
would melt. 

With regard to some of the illustrations he was very pleased to notice a great 
number of them where the pillars had failed with an absolutely central load. He had 
often wondered to what extent in buildings the theoretical assumption of central 
loading would take place, but they had had quite a number of instances of central 
loading, and that gave them all the greater confidence in dealing with their 
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Another feature noticeable in the illustrations was the superior advantage of the 
solid casing against the tiling, and he was of opinion that part of the expansion in the 
tiles was not only the expansion of air in the casing, or behind the tile, but was also 
due to the increased longitudinal expansion of the tile, and, as the length was limited 
from the ceiling to the floor and the tiles must expand in length, thev bulged out just 
as railway lines had been known to do in hot weather. 

After seeing the illustrations, he felt rather satisfied that they had in this country 
certain limitations as to the floor area. But, with all their limitations, it did not 
follow that they should inflict any great hardship on building owners, because they 
provided fire-resisting doors in between the separate divisions of the building. There 
was practically no limit to the cubic extent they could obtain and still comply with 
the regulations. 

In conclusion, he desired to ask a question of Mr. Humphrey. Mr. Sachs had 
told us that he considered two inches of protection the minimum for reinforced 
concrete. Mr. Sachs’ experience had been largely in England and various parts of the 
Continent, in the North of Russia and as far South as Egypt, which was, of course, 
on the edge of the Continent, and Mr. Humphrev's experience had been gained in 
America. He wished to inquire what was Mr. Humphrey’s own opinion as to what 
should be a good amount of cover or protection in the case of pillars, beams and slabs 
respectively ? 

Mr. William G. Kirkaldy, Assoc. M.Inst.C.E., said he had been verv interested 
in the slides Mr. Humphrey had shown. The effect of the fire on terra-cotta tiles had 
been very striking to him. He thought previously that terra-cotta would make a very 
fair protection, but evidently that was not so, seeing so many columns very bulged. 
He thought terra-cotta should be avoided after so many cases as they had seen on the 
screen ; concrete was a far more promising thing. 

Mr. E. P. Wells, J.P.: Mr. Humphrev had convinced him of the wisdom 
of what the London County Council had done in passing the 1909 Act, with this 
difference, that the Council, in certain stringent provisions that were laid down in that 
Act, were not stringent enough. He had proved, especially in column construction and 
the encasing of fire-resisting materials, that if they wanted to protect a steel stanchion 
absolutely from danger in case of fire, it ought to be covered with an absolute minimum 
thickness of 3 ins. of concrete, and that in no case should any casing of what were 
known as plaster partitions be permitted; that it should in all cases be concrete, or 
brickwork set in cement. Where concrete was filled in between the tiles and the body 
of the stanchion, in 99 cases out of 100 it was of a very inferior nature, but in the 
casing of stanchions to make them absolutely fire-resisting, or as near fire-resisting 
as possible, the concrete ought to be of a very much richer nature than was generallv 
used, the aggregate used should be of a very fine description, and in no case should 
апу aggregate be allowed in a casing larger than about half an inch. It is no un- 
common thing, and I have seen this since the passing of the 1909 Act, to encase a 
stanchion with an aggregate which is made from broken brick and other similar 
materials, which is passed through a 2-inch ring. Now, in the case of that kind, 
which was very often done, especially in London, where there was an insufficiency of 
sand, it became an absolute phvsical impossibility with a concrete of such a nature to 
make it fire-resisting, because it is extremelv porous. Such being the case, it followed 
that heat readily finds its way on to the steel. "This applied not only to stanchions, but 
also in the casing of steel beams. 

Another point he was pleased Mr. Humphrey mentioned was what he (Mr. Wells) 
had adopted for several vears past, where he had been compelled to use cast-iron 
columns in construction—-namely, to fill all the columns with concrete. And in any 
case of strengthening an existing structure when cast-iron columns had been used, he 
had always recommended at the first outset that the columns be filled with concrete, 
and if he could put a reinforcing of concrete down the centre so much the better, 
because he knew from experience that the columns would stand when the cast-iron 
failed. 

The Chairman, in putting the vote of thanks to the meeting, expressed his 
indebtedness to Mr. Humphrey for the very interesting observations that he had made, 
and also for the thoughts that he had raised. He agreed with what had been said 
about tile-casing. He never did like tile-casings, and he had never used them, and the 
results of these fires had shown how very little they were to be relied upon. 
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Mr. Humphrey, in replying, observed that in England the British Fire Preven- 
tion Committee had been engaged in studying the relative fire resistance of materials 
at their testing station and in Germany and Austria. Small test-houses had been made 
and small floors had been constructed, and fires built in them, both with load and 
without load, and tested. All this work had been most excellent in developing the 
relative fire resistance of materials and the comparative value of various formis of 
“ fireproofing.” In many tests the first experiment has failed, but in the test those 
interested had learned a certain amount of wisdom, and thus in the second test a better 
article was produced which passed muster. 

First they must know the relative fire resistance of materials; secondly, the 
relative fire resistance of concrete with various aggregates; but the most important 
thing that they did not know was the behaviour of a structure, as a whole, in a 
conflagration. If they could conceive of a warehouse of large extent, with a contents 
of perhaps wall-paper or cotton, and consider that a fire occurred in the centre, an 
intense heat was generated, what happened to that structure? "The parts immediately 
in proximity to the fire were expanded bv the heat, but the free expansion of that 
ceiling had been resisted by the cooler masses that surrounded them, and they got the 
fact of a great force being exerted in that structure by reason of the expansion, and 
the tendency was inevitably to strip off the concrete or the fire protection on the steel, 
or whatever the structure that carried that load. 

In his judgment, a most important thing in the building in fireproofing was the 
study of the expansion of the structure as a whole, and the value of taking a large 
floor area and breaking it up into 5,000 sq. ft. or 10,000 sq. ft. was that they reduced 
the amount of area that could be subjected to that expansion. 

Mr. Etchells had asked what amount of protection was necessary in the case of 
a reinforced concrete column? It was frequently the practice to put 2 in. of concrete 
on the outside of the reinforcement and 1} in. on girders and ł in. on slabs. It, 
however, depended largely on how the steel in the structure was insulated. If in 
the course of construction there was a direct connection by some steel bar that 
brought the steel in contact with the air, no amount of protective coating would protect 
that stcel, because the heat was transmitted through that bar and the steel, expanding, 
simplv stripped the column. 

He was of opinion that the best wav to protect that column was to put round 
a metal fabric which would distribute the expansion of the concrete mass, and then 
perhaps a lesser thickness than 2 in. was possible. But they could not lay down 
any hard and fast rule as to how thick that should be. A building which contained 
merely office furniture did not require as much protection as a warehouse, and thev 
must gauge the amount of protective coating on the structural member bv the 
character of the contents that must go into the building. The American Committee 
on Concrete had prescribed 2 in. on columns, 14 in. on beams and girders, and т in. 
to 3 in. on slabs, and he thought that was quite sufficient. 

His experience in studying the penetration of heat in fires, and in the tests which 
were made bv the American Government of surfaces subjected to heat, was that in 
ordinary concrete and with temperatures that were well beyond what might be 
expected in an ordinary fire, the penetration of heat rarely exceeded three-quarters of 
an inch, and in most conditions it only penetrated perhaps half an inch. 

This brought up a subject which had been frequently discussed, the value of 
material like limestone as an aggregate in a fireproof concrete. If they took limestone 
and kept the sand away from the surface and had a protective coating of silicious 
mortar in front of it, that limestone was just as good a medium for a fire protective 
coating of concrete as other material. ]t was infinitely better than granite or gravel. 
But if the limestone was subjected to the direct action of the flames, the limestone 
was decomposed bv the driving off of a carbonic acid gas, and if water came in contact 
with that lime or with the ceiling, it disintegrated the surface. 

They had a method of fireproofing which was being gradually developed in 
America in which cinders were used as the aggregate of concrete. Of course, there 
were all sorts and conditions of cinders, and the definition of the word ‘ cinder "' 
itself was very elastic and ambiguous. But if they took cinder as meaning a clinker, 
and not the ordinary soft kind of ashes from the furnace, that was clean and free 
from sulphur, and mixed that up with cement, they got a material of very high fire 


568 


(арттар PROPERTIES ОЕ OIL-MIXED CONCRETE. 


resistance, and if that material was put round as a protecting feature for a column 
or a girder they got a substance of superior excellence. 

They must never concrete. а material which had a low absorption, and the harder 
and the denser the aggregate, the better was the concrete, 

The protection of the imbedded steel with a reasonable thickness of concrete was 
desirable, but he believed that the problem of keeping the contents of a building 
segregated in small units of very small floor space--and he should say not more than 
5,000 sq. ft.— with properly protected fire doors and fire walls, was the main essential 
in a building. Where they had a conflagration it did not matter how thick the pro- 
tective covering was if they had an enormous flat surface subject to that heat, the 
expansion of that material would undoubtedly strip the protective coating. In the 
case of concrete, the expansion of that tile was not so much the expansion of the 
air, which was made possible bv defects in the tile itself, but it was the fact that terra- 
cotta had a much greater expansion under heat than concrete, and that a very thin 
web of perhaps 3 of an inch expanded very rapidly, and the lower web, which was 
above, expanded 8 rapidly, and they had a condition which intensified the expansion 
of the floor and the web simply dropped off. 

The points raised by Mr. Sachs were being considered largely in America. They 
did lose a great many people by fire, and there was apparently a carelessness, but 
they must bear in mind that they had a condition that was the outgrowth of a very 
voung country. While England reckoned her civilisation by thousands of years, 
America reckons hers by hundreds, and they had barely outgrown the frame shanties 
of the pioneers that settled in America, and it was the gradual elimination of these 
frame buildings, that were such a menace to their population, that was commending 
their studv to-dav. The law was getting stricter, and it was in this study and this 
evolution that some of the good things that Mr. Sachs had stated had been evolved. 
Thev still had тапу bad things, and thev looked to Europe and to England for a 
«reat deal of help in the solution of this very important problem. 

The proceedings then terminated. 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 
SOME OF THE PROPERTIES OF OIL. MIXED 
PORTLAND CEMENT MORTAR 
AND CONCRETE. 


By Мг. LOGAN W. PAGE, M.Am.Soc.C.E. 
(Director of Public Roads, U.S.A.) 

The following abstract is from a paper presented to the American. Society of Civil 
Engineers on November ast, 1911, and which was published in the Proceedings of 
that Society in September, 10911. 

Мк. Pack found some time ago that oil in considerable quantities could be 
combined with wet Portland cement paste by a simple mixing process. When oil 
was added to the wet cement it disappeared completely: when mixed for a few 
minutes, and, furthermore, there was no apparent separation of the ingredients upon 
setting Tests were made with various kinds of oil and various mixtures of cement, 
mortar and concrete, the tensile strength of neat cement and mortar, the time of 
setting, the crushing strength of mortar and concrete, and tests for permeability. 

The materials used consisted of Portland cement, river sand and 3-in. crusher 
гип-бпеіѕѕ. "The cement complied with the specifications recommended by the Special 
Committee on Concrete and Reinforced Concrete. 

Method of Mixiog.. The following method of mixing was used: The proper 
quantities of cement and sand were mixed dry until of uniform colour. Water was 
then added and the mass was turned as often as was necessary to produce a rather 
wet mortar. ‘The water added to the mortar was not weighed, the appearance of the 
mix being the criterion for determining the proper quantitv. In general, however, 
the total quantity of water, including that in the sand, was about 17 per cent. of the 
total weight of the cement and sand. After having mixed the mortar, the desired 
quantity of oil was added, and the mass was turned over as many times as was 
necessary to break up the oil and incorporate it thoroughly with the other ingredients, 
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The previously moistened stone and the oil-cement mortar were then combined and 
turned until thoroughly mixed. The percentage of water required to make a raiher 
soft mixture was determined from the appearance of the first batch. 

While the tests were still in an incomplete state, the writer published them in 
order to give publicity to the results already obtained, so that engineers with better 
facilities may hasten the work through its experimental stage. 

The service tests are of a special interest in that they were conducted on actual 
construction. During April and May, 1910, two bridge surfaces of oil-concreie were 
laid at Ridgewood, N.J. In the borough of Richmond, New York City, during Mav 
and June, 1910, about 400 ft. of street surface was laid with different aggregates. 
About 300 ft. of street in Washington, D.C., was surfaced in June, 1910. On another 
page of this issue will be found a Progress report of this experiment, with results that 
have been gained in dust prevention and road preservation. Numerous inspections of 
this work have been made and up to the present it is all in very good condition. About 
one-half mile of roadway laid with ro per cent. oil-concrete in the suburbs of Harris- 
burg, Pa., in the summer of 1910, is also reported to be in very good condition. 

А vault 112 ft. long and 18 ft. wide in the United States Treasury Department 
was built in the autumn of 1910. The side walls of this vault contained 10 per cent. 
of oil. Its roof was consiructed of ordinary reinforced concrete, with about 3 in. of 
10 per cent. oil-concrete on top. For several months this roof was subjected to a 
head of water of several feet without showing any signs of leakage. Another vault, 
in the north end of the Treasury, on account of leakage has never been available for 
storing anything of value. Its roof was treated with oil-concrete, and is now perfectly 
dry. Numerous floors in the sub-basement of the Treasury Department, and a floor 
in the office of Public Roads, have been constructed with 10 per cent. oil-concrete, and 
have remained absolutely free from dampness. A tank, about 12 ft. long, 4 ft. wide, 
and 4} ft. high, constructed in the office of Public Roads during the winter of 1910, 
has been continually full of water, and has not shown the slightest signs of leakage. 

Summary of Conclusions.—\he following tentative conclusions as to the effect 
of the oils used in cement and concrete may be drawn from the foregoing 
investigations :— 

The tensile strength of 1:3 oil-mixed mortar differs very little from that of 
plain mortar, and shows a substantial gain in strength at twenty-cight days and мх 
months over that at seven davs. 

The times of initial and final set are delaved bv the addition of oil, 10 per cent. 
of oil increasing the time of initial set by 90 per cent., and the time of final set bv 
бо per cent. 

3. The crushing strength of moriar and concrete is decreased bv the addition of 
oil to the mix, concrete with 10 per cent. of oil having roughtly 73 per cent. of the 
strength of plain concrete at twenty-eight days. At the age of one vear the crushing 
strength. of 1:3 mortar suffers but little with the addition of oil in quantities up to 
10 per cent. 

4. The toughness of resisiance to impact is affected but slightly by the addition 
of oil in quantities up to about ro per cent. 

. The stiffness of oi]-mived concrete appears to differ but little from that of 
pl: in 1 conerete. 

The results of tests for permanent deformation do not indicate that a law is 
followed bv oil-mixed concrete. 

7. Oil-mixed mortar and concrete containing 10 per cent. of oil have very little 
m and under low pressures both are waterproof. 

. Oil-mixed mortar containing ro per cent. of oil is absolutely watertight under 
e as high as 40 Ib. per sq. in. Tests Indicate that oil-mixed mortar is effective 
as a waterproofing agent when plastered or painted on either side of porous concrete. 

9. Bond tests show the inadvisability of using plain bar reinforcement. with oil- 
concrete mixtures. With deformed bars the bond is not weakened seriously bv the 
addition of oil in quantities up to ro per cent. 

А patent has been granted to the writer for mixing oil with Portland cement 
concrete and hydraulic cements giving an alkaline reaction. All citizens of the Unite 4l 
States are at liberty to use this process without the payment of royalties. 
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NEW WORKS IN CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course of 
construction or completed, and the examples selected will be from all parts of the world. 
It is not the intention to describe these works in detail, but rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design.—ED. 


BURSLEM PUBLIC BUILDINGS. 


We are illustrating in this article a particularly finc example of reinforced concrete 
as applied to buildings of the municipal type. The drawings herewith show many 
important features in construction, and a view of the exterior of this imposing structure 
will be seen in the frontispiece to this issue. 

The floors, b»ams, and staircases throughout were of reinforced concrete as well 
as the gallery to the winter garden. 

The overall dimensions of the building are 165 ft. by r4o ft.; total height 
from foundations to ridge 64 ft. 

The dominant point throughout was the limitation of the beams to as shallow 
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CONCRETE: 
a depth as possible, whilst the floors were to be as thin as could be consistent 
with safe construction, The biggest span was 31 ft. 6 in. The loadings in 
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all cases were taken at 2 cwt. per ft. super, inclusive of the static or dead- 
weight. 
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The surface of the floors was floated to receive marble, wood block, or 
mosaic. Ceilings were prepared in some cases for fibrous plaster: in others they 
were simply rendered over 
with a 1-in. skimming coat. 

The staircases— seven 
in number— were all con- 
structed of reinforced con- 
crete. The principal stair- 
case was left ready to re- 
ceive marble finish, the 
secondary ones having a 
patent granolithic finish. 

The contractors for 
the work were Messrs. 
Stuart’s Granolithic Co., 
of 4 Fenchurch Street, 
London. E.C., and their 
consulting engineer was 
Mr. E. P. Wells, of Lark- 
hall Rise, Clapham, S.W., 
who drew up the plans for 
the reinforced concrete 
work. The architects were 
Messrs. Russell & Cooper, 
of Grav's Inn Square, 
under whose direction and 
close supervision the whole 
of the work was executed. 
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REINFORCED СОМ. 

CRETE SEDIMEN- 

TATION TANKS, 
BELFAST. 


THE Corporation of Belfast 
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3 5 о 29 зо. have recently been much 
m س‎ before the public in con- 
~ ELEVATIONS. | nection with the disposal 
Do c E cc ау еы CC еа um of the sewcrage of their 
Details of gallery to Winter Garden. citv. The whole subiect 

BunsLEM PUBLIC BUILDINGS. has been argued before a 


Royal Commission, and 
more recently before a Parliamentary Committee, in connection with the presentation 
of the Befast Corporation Pill. 

One important recommendation of the Royal Commission has been met by the 
completion of an extensive system of tanks, constructed in reinforced concrete and 
forming a reservoir of about 4,200,000 gals. capacity. 

The tanks are fourteen in number, each 120 ft. by 60 ft. by 8 ft. deep, and arranged 
seven on cach side of an elevated fced channel. The side walls of the feed channel 
are provided with penstock valves through which the sewage water is let into the 
tanks. When the water has been in the tanks for some time, thc force of gravity 
separates the heavier substances, or the sludge. from the water. The sludge is then 
drawn out through a series of valves operated automatically by floating arms and 
located near the bottom of the tanks and in the walls of a sludge culvert, which 18 
situated directly under the feed channel. The comparatively clean water above the 
sludge is drawn out through another series of penstock valves at a higher level into a 
draw-off channel that runs alongside the exterior walls of the tanks. 

The reservoir is built on &lled-in ground, and had therefore partly to be carried 
on piles from 30 ft. to 40 ft. long. The piles are spaced about 10-ft. centres each wav 
and about 1,200 were put in. 

The work was executed to the plans and under the direction of the city engineer, 
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Mr. H. A. Cutler, M.Inst.C.E., bv Messrs. J. & W. Stewart, specialising contractors 
for reinforced concrete construction and concrete piling, of London, Belfast, Glasgow, 
and Dublin. 

Designs to meet the city engincer's requirements and specifications were called 
for, and although the tender of the successful firm of contractors was not the lowest, 
thcir design secured for them the contract, which was completed satisfactorily in the 
short period of fifteen months. 


REINFORCED CONCRETE BATTERY ROOM FOR THE NORWICH 
ELECTRICITY WORKS, 
A NEW battcrv room has recently been added to the Norwich Electricity Works, and 
after exhaustive inquiry, the engineer to the Corporation electricity undertaking, 
Mr. Long, A.M.Inst.C.E., adopted the Kahn system of reinforced concrete. 
The building is roughly rectangular in plan, the mean depth being 34 ft., and the 
mean width 54 ft. 


Interior of battery room during construction. 


REINFORCED CONCRETE BATTERY ROOM FOR THE NORWICH ELECTRICITY WORKS. 


The column bases are composed of 5-ft. 6-in. square concrete blocks, 18 in. deep, 
reinforced with 2-in. Kahn bars 4 ft. 8 in. long. The columns to first floor are 12 in. 
square, reinforced with No. 4 1r-in, rib bars 12 ft. 8 in. long, wired to No. 4 1-1n rib 
bar splicing pieces 3 ft. long, at a distance of 9 ft. centre to centre. The columns to 
the second floor are ro in. square, reinforced with 4-in. rib bars ro ft. 8 in. long 
spliced to first floor columns, 9 it. centre to centre. All sets of column bars have 
Hes & 11; ‘Centre tO centre. 

The beams are r5 in. bv 1o in., reinforced with r-in. Kahn bars 12 ft. long, and 
?.in. rib bars то ft. long, and }-in. rib bars 17 ft. 8 in. long. 

| All concrete for beams and columns was mixed in the proportion of 4 : 2 : 1, the 
aggregate for these being of crushed gravel and of fine shingle for floor slabs. 
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BATTERY ROOM AT NORWICH. 


The floor slabs are 6} in. thick, reinforced with }-in. bars o ft. long, with 4-in. 
continuity bars 5 ft. long, and $-in. rib bars 9 ft. centre to centre. 
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Details of first and second floor construction. 


REINFORCED CONCRETE BATTERY Room FOR THE NORWICH ELECTRICITY WORKS. 
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The ceiling is constructed of 28-in. gauge H y-rib finished in cement plaster. The 
partitions are also formed of 28-in. gauge H y-rib, reinforced with }-in. bars at 3o-in. 
centres, finished in cement concrete 2} in. thick. These partitions are a great feature 
of the work as thcir stiffness is equal to a 41-in. wall in cement, and the cheapness and 
quickness of erection by this method was very marked. 

The whole of the steel work used is medium open hearth steel of an ultimate 
strength of 60,000 Ib. per sq. in., with a minimum elongation of 20 per cent. 

Mr. A. H. Plouright, of 15 Haymarket, Norwich, acted as consulting engineer for 
the whole of the reinforced concrete work, Messrs. J. Youngs & Son, of Norwich, 
being the contractors. Тһе work was carried out by unskilled labour, and has proved 


very satisfactory. 


REINFORCED CONCRETE BRIDGE OVER LOS ANGELES RIVER. 
THE reinforced concrete bridge over the Los Angeles river, Los Angeles, Cal., 
described in this article, takes the place of a wooden bridge which had been 
constructed temporarilv. The new bridge is 320 ft. long, exclusive of approaches, 
and 75 ft. wide. It provides for pedestrian and vehicle traffic, and carries a double- 
track electric street railway line. It is a 3-span structure, each span being 8o ft., 
with a rise of 21 ft. The foundations are carried 25 ft. down below the river bed, 


REINFORCED CONCRETE BRIDGE OVER Los ANGELES RIVER, Los ANGELES, CAL. 


and rest on 500 piles. The footings were laid in 15 ft. of water, and have the 
following dimensions: Pier footings, 20 ft. wide by 75 ft. long—the width of the 
bridge ; abutment footings, 27 ft. wide and 75 ft. long. The shafts have a halter 
of } in. per ft., making a width at top of 8 ft. 

In the construction a total of 5,000 cubic yards of concrete were required. The 
reinforcement used is plain and twisted steel of various diameters. 

The construction of this bridge was carried out under the direction of Mr. Homer 
Hamlin, City Engineer of Los Angeles. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
Sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete is an excellent substitute for 
brickwork where structures of great height are required. —ED. 


REINFORCED CONCRETE FENCE POSTS ON THE LONDON AND 
NORTH-WESTERN RAILWAY. 


WE are frequently pointing out the advantages of reinforced concrete fence posts, 
and the benefits to be gained by their use are evidently appreciated by many of the 
leading railway companies in this country, as they are gradually replacing the timber 
posts on their lines by those made of reinforced concrete. 

Three miles of reinforced concrete fencing, a portion of which is shown in the 
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REINFORCED CONCRETE FENCE POSTS ON THE LONDON & NORTH WESTERN RAILWAY. 


illustration on this page, were recently constructed for the London and North Western 
Railway Co. by the Reinforced Concrete Fence Posts Co., Ltd., of West Mill, Bunting- 
ford, Herts. These posts are the registered designs of this company, and we under- 
stand that they are erecting them all over the country, great satisfaction having 
been experienced wherever they have been used. | 


A CONCRETE PIPE. 

A VERY novel use to which concrete has been put is in the manufacture of pipes. 
Our contemporary, The Concrete Age, to whom we are indebted for our illustration, 
recently described this new industry, which has been started at Roxcroft. Maine, 
U.S.A., where Mr. B. T. Genthner has invented a new process of pipe manufacture, 
known as the '' Everlasting Pipe." 

The patent consists ef a wi ^ coil moulded in the stem socket as a reinforcement. 
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The composition is pure asbestos, with sufficient Portland cement to concrete it, 
and by this method an almost indestructible pipe is obtained. The asbestos and 
cement are mixel together, the resulting mortar being formed into blocks and then 
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made of Asbestos and Portland Cement reinforced with a Wire Coil in the socket. 
Piri 


“The Everlasting Pipe," 


placed in a machine where the pipes are moulded and turned. They are then laid 
in piles and kept moistened for two weeks, after which they are filed and polished, 
and are then ready for use. The output is 1,650 pipes a day, and at present the 
American Tobacco Co. are taking over the entire production. 
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NEW BOOKS 


AT HOME AND ABROAD. 


A short summary of some of the leading books which have appeared during the last few months. 


** Reinforced Concrete Design Simplified." 
By John C. Gammon. B.Sc., with an 
Introduction by H. Kempton Dyson, 
Secretary of the Concrete Institute. 


London: Crosby Lockwood & Sons. 


Demy 4to, clsth, 
122 pay s, with Thum > Index. 


Price 10/6 net. 

Contents.—Introduction—Method of Cal- 
culations, ctc.— Bending Moments 
and Shearing Forces—Design of 
Slabs — Design of Rectangular 
Bcams— Design of T-Beams—Web 
Reinforcements— Design of Rectan- 
gular Columns—Cost of Concrete— 
Super-imposed Loads on Floors— 
Weight of Floor Slabs of Various 
Thicknesses per sq. ft. — Areas, 
Weights and Spacing of Rods. 


The main features of this volume are 
the labour-saving diagrams, which are so 
varied that the design of slabs, beams or 
columns for any particular span, load or 
limiting stress can be effected without 
the complicated calculations that are 
usually necessary. There is no doubt 
that the adoption of diagrams to facilitate 
the design of reinforced concrete will 
become more or less gencral in the future, 
as the tendency everywhere is to save 
time and produce schemes at the shortest 
possible notice, and the designer is 
practically forced to employ methods far 
different from the easy-going tvpe of a 
few years ago. It is a curious thing that 
any client who has an idea of carrying 
out a scheme will probably spend many 
wecks or months in making up his mind 
as to whether or not he will proceed with 
the work, and yet, once he has decided to 
do so, nothing will satisfy him but that 
the whole of the drawings and work must 
be pushed forward and completed with 
lightning speed, with often far too little 
time to consider the scheme effectually. 
This fact leads to the adoption of rough 
and ready rules in the case of many de- 
signers in order to obtain only approxi- 
mate results; and we agree with Mr. 
Dyson that it is far better to employ 
some aid in the design which will give 
accurate results with the minimum waste 
of time. 

The diagrams are very good in the 
volume, and we go so far as saying they 
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are the best we have seen, while the in- 
clusion of the examples will give the user 
a good opportunity of realising the correct 
method of applving each particular 
diagram. 

There is one danger that is likely to 
arise with the publication of diagrams for 
rcinforced-concrete design, and that is the 
great possibilitv of architects or others 
who have not made a special study of the 
subject attempting to design reinforced- 
concrete work in a similar manner to that 
in which many stcel-framed buildings 
have been designed in the past, and, in 
fact, are designed to-dav. The loads are 
taken out approximately, and reference 
is made to one of the tables issued by the 
numerous steel-work firms, and a certain 
steel joist or girder selected, the designer 
in the majority of cases having a very 
limited knowledge of bending moments 
or safe stresses; while the term 
" moment of inertia," or similar defi- 
nition, holds for him unknown terrors. 
We are afraid this is a danger that can 
hardly be avoided, and if tables are to be 
used in this manner it is of primary im- 
portance that they should at least be 
absolutely reliable and of such a nature 
that the possibility of error is reduced to 
a minimum. We can recommend this 
volume to our readers, and feel assured 
that the outlav entailed will very soon 
be repaid in the saving of time that 
will result from its use. 


** A Manual of Civil Engineering Practice : 
Specially Arranged for the Use of Muni- 


cipal and County Engineers.’ Ву F. 
Noel Taylor, M.Inst.M.E. 
London: Charles Griffin & Co.. Ltd, хі. +810 p.. 


(s in. X6 in.), with 35 Folding Plates. Price 25/- net. 


Contents.—]ndex to Equations and Form- 
ula—Ordnance Maps—On Surveying 
with the Chain—Surveying wiih 
Angular Instruments — Levelling— 
Adjustment of Surveying and Level- 
ling Instruments—The Measurement 
of Areas and Volumes, and the Calcu- 
lation of Earthwork Quantities—The 
Mechanics of Engincering—Beams— 
Pillars and Stanchions and Shafting 
—On the Design of Engineering 
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Structures—Arches—-Graphic Statics 
—Materials of Construction— Foun- 
dation and Pile-driving—- Brick work 
and Masonry — Walls — Construc- 
tional Carpentry—The Construction 
and Maintenance of Loads—The 
Design of Engineering Structures in 
Concrete -Steel — Masonry Bridges, 
Weirs and River Works—H vdraulics 
—Land Drainage— Pumping Machin- 
cry—Ihe Use of Water Power— 
Main Drainage— Sewage Disposal— 
Royal Commission on Sewage Dis- 
posal—Engincer’s Report to Local 
Government Board on the Salford 
Sewage Works — Sanitation and 
House Drainage—Refuse Disposal 
Waterworks—Rescrvoir Construction 
—Waterworks — Distribution— Brick 
and Steel Chimneys—Steel and Iron 
Construction and Design—Beams 
and Girders—Combined Structures 
in Iron and Stcel—Specifications— 
Electric Tramways—Appendices— 
Index. 

We are loth to criticise this book ad- 
versely, for it contains much valuable 
information, and is admirably got-up, 
containing a great number of pages at a 
very low price. The author deserves 
commendation for his industrv in com- 
piling such a wcalth of information on all 
branches of such a wide subject which had 
not received separate treatment in thc 
way it deserved, and in the way attempted 
bv the author. But the subject is so vast 
in its ramifications that really we doubt 
whether any one author can make an 
adequate summary of the information 
available. We are not able to pass a 
proper opinion on much of the matter in 
the book, more cspecially on the subjects 
more strictly belonging to municipal 
engineering, and but slightly related to 
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other branches of cngineering, and we 
feel that that is the aspect in which the 
author gives of his own particular ex- 
perience, and therefore of his best. That 
aspect, we belive, he has dealt with in a 
valuable wav, so that the book as a 
manua] of municipal engineering practice 
fulfils its purpose, and deserves our com- 
mendation. But in the aspects of general 
constructional engineering practice, with 
which we deal, we are disappointed with 
the book. We would like to gloss over 
its discrepancies, if they could be con- 
sidered unimportant, but the errors of 
omission and commission and the methods 
of approach and demonstration are really 
too numerous. The wav in which the 
formula are derived is often not ex- 
plained, and yet the book is for voung 
students. The author quotes, apparently 
with approval, some remarks on “ Stan- 
dardisation of Engineering Formule." It 
isa pity he did not more often follow some 
general method himself, and especially 
adopt the Concrete Institute's notation. 
The formulz for calculations put forward in 
thechapteron ‘‘ Concrete-Stecl " design are 
neither the generally accepted ones, nor are 
they improvements, for they often do not 
logically follow from the author's premises. 
We are often in doubt as to quite what 
he is trving to get at, and we certainly 
cannot follow his reasoning alwavs. so 
that we are sure the elementary student 
would be in a hopeless tangle. Most ot 
the matter refers to rectangular beams, 
whereas T-bcams are of first importance. 
We hope that the author will soon have 
occasion in a further cdition to put the 
information on this and other branches 
of the subject of theory of structurcs 
right. One of the most valuable features 
of the book is the large number of draw- 
ings of executed works included in it. 
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Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


The Colloid Theory of Сетепіѕ.— Тһе following is an abstract of a paper read 
before Section B of the British Association by Dr. C. H. Desch : 

The theory of the setting of cements due to Le Chatelier, depending on the 
interlocking of crystals growing from neighbouring centres, fails to account for the great 
mechanical strength attained by cements. On the other hand, the late Prof. Michaelis 
attributed the setting to the formation of colloidal products. Microscopical exami- 
nation fully confirms this view. The action of water on the alike crystals of the 
cement brings about hydrolysis of the aluminates and silicates present. The hydrated 
calcium aluminate formed during the initial set is chiefly crystalline, but the hydrated 
calcium  metasilicate formed during the principal setting process, being extremely 
insoluble, separates as a colloidal gel. A portion of the lime set free crystallises, the 
remainder is at first in solution. The gradual hardening of the cement is due in the 
first place to the shrinkage and dessication of the gel, a part of the lime being absorbed 
at the same time. This absorption may continue for a long period, lime gradually 
penetrating further into the dessicated gel, increasing its hardness and strength. 

The process may be followed by means of the microscope, especially when 
advantage is taken of the differential staining of colloids by dyes, such as safranin and 
patent blue. In the study of clinker, the difficulty hitherto found has been that 
of grinding sufficiently thin sections of so brittle a material. This may be avoided by 
treating the clinker in the same manner as a metallo-graphic specimen ; that is, by 
grinding and polishing one surface only, etching lightly with water or acid, and 
examining by vertical illumination. This method may also be applied to mortar 
after setting. The application of Michaélis’s theory throws an entirely new light on 
the process of setting, and gives an explanation of manv points which were previously 
obscure. 

The Disappearance of Rust from Steel Reinforcement.—It has been observed 
on several occasions during the destruction of reinforced-concrete work that steel 
rods which had been set in place in a rusty condition had become bright and practically 
{тее from rust. The fact has been repeatedly confirmed, and experiments on a small 
scale show that the removal of rust takes place for the most part during the period 
immediately after setting, when the concrete still contains much moisture. The 
chemical nature of the process is not very obvious, and when the matter was first 
discussed in 1909 in the pages of Stahl und Eisen, several hypotheses involving the 
presence of unlikely compounds were proposed. Recent experiments by Prof. Donath, 
of Vienna, show that, as suggested by the late Dr. Michaelis, the lime set free during 
the setting of the cement is the active agent. Lime mortar is thercfore capable of 
acting in the same wav. The lime, while still in the moist, colloidal state, reacts 
with the combined ferric oxide, which is one of the constituents of iron rust, and a 
hydrated calcium ferrite is formed. It is true that some other constituents are not 
acted on, but the conversion of a part of the rust into a soluble form so loosens the 
texture of the mass that it becomes completely detached from the steel. Whilst the 
fact is not of great practical importance, as reinforcing rods should always be freed 
from adhering rust before setting in place, it affords further evidence of the complete 
immunity from rusting which is enjoyed by steel embedded in well-made concrete. 
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Sealing Canai Dykes with Concrete.—A method of sealing canal dykes against 
lcakage, which has recently been successfully employed on European canals, consists, 
according to Engineering Record, in the insertion of a thin concrete cut-off wall in a 
narrow trench, or slot, prepared by driving and pulling a single row of timber shect- 
piling progressively in short sections. It has been found practicable to conduct 
repairs by this procedure without drawing off the water in the canal prism. А brief 
description thereof is given in the Zeitschrift of the Austrian Engineers’ and Architects’ 
Society. 

According to the method formerly customary, the canal is emptied and the 
Eottom and slopes trimmed and paved in the locality of the leakage. This work 15 
then covered as a protection against damage from contact with the bottoms of canal 
boats. Tre cost of such repairs is on some canals about 12s. 6d. per lineal ft. of canal 
repaired. Another plan is to exzavatc a trench in the middle of the towpath and to 
refill it with well-tamped earth, but this is generally possible only to depths up to 
about 5 ft. below the water surface, and requires shoring. It it is desired to go deeper, 
water makes the work laborious and expensive. 

The method employing the thin concrete wall permits of reaching depths up to 
8 ft. below the water surface, and has been followed at a cost of about 3s. 9d. per 
lineal ft. A shallow working trench is opened on the dyke, and wooden sheet piles 
аге driven with tight joints down to firm material. The piles are about 1o in. wide, 
7 in. thick at the top, and 5 in. at the bottom. They are pointed at one side so as to 
draw them together in driving, and are equipped with shoes. They are uniformly 
dimensioned and well made, so as to produce an even opening in the dyke. In driving. 
a pile with a centre point is first placed, and those with side points on either side of 
it. When a line of piles has thts been set, they are carefully drawn, one at a time. 
and the hole filled with concrete The pile is first drawn 4 in. to 8 in. to loosen the 
hold of the surrounding material, and then is slowly raised, care being taken not to 
knock earth back into the hole. А steel funnel, shaped so as to enter the hole, 
protecting the sides and edges, and to rest against thc adjoining wooden pile, is next 
inserted and filled with concrete mixed quite dry. As the concrete is tamped into 
place with a long-handled ram, the form is withdrawn., This process is repeated 
with the next pile, the sides of the hole and the face of the concrete being cleaned 
with an iron rod before inserting the steel guide for new concrete. The piles which 
are withdrawn are cleaned and moved ahead for re-use. In sandy and stony material, 
where the caving of the sides and flow of water present serious difficulties to the 
employment of this method, rcinforced-concrete sheet piles are used, bonded into a 
solid wall by niortar. 


Reinforced Concrete Work in Belgium.—It has been decided by the Road Sur- 
veying Department to construct a road bridge over the river Ourthe at Chénce, near 
Liége, and also a viaduct to cross the yards of the Vielle Montagne works. Both 
undertakings will be carried out in rcinforced concrete. 

The bridge will consist of a skew span at an angle of 8 degrees, with a normal 
length of 55 m. between abutments. Оп the down stream side stairs of 1.5 m. effective 
width will be provided. The treads will be built of ashlar stone. This staircase 
will give access to the left towing-path of the river. Both the bridge and the stairs 
arc to be provided with ornamental parapets. The viaduct will consist of nine spans 
of 9 m. in length, supported on piers in front of those of the existing masonry viaduct. 
The bridge and the viaduct will give an effective width of about 7.5 m., of which 5 m. 
will be apportioned to the road, and the balance to two footpaths. There will be an 
embankment on either side to serve as approaches from the river. The retaining 
walls for the approaches are to be built either in masonry or in concrete, and are to 
be fitted with parapets.—7 he Times. 


Cement in the Construction of Cowsheds.—1n a paper on " The Construction 
of Cowsheds," read at the Royal Sanitary Institute's Congress in Belfast, Mr. J. H. 
Sutton, of Nottingham, says: 

“The floois should consist of some impervious matcrial, such as concrete and 
cement, or concrete and blue pavers laid in cement; I prefer the latter because 
they are so easily kept clean. They are impervious, and are fairly smooth on the 
face. It may be said that these materials are too costly for floor paving, but I would 
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reply that it is the cheapcst in the long run. I have scen such a floor that had been 
used for forty years and had not cost a penny for repairs during that period. If soft 
brick and stonc paving is used, it is always out of repair, and lends itsclf more readilv 
to the absorption of liquid. . . . 

'' The inside walls in rear and at thc ends should be composed of some impervious 
material to a height of 4 ft. 6 in., because this portion requires constant cleansing. 
Brown or white-glazed bricks are suitable, but surface rendering in cement is to be 
recommended because of its cheapness and adaptabilitv. Cement is impervious, 
is casily cleansed, and if limewashed the same as the upper portion of the walls, any 
accumulation of dirt or dung is easily detected." 


Effect of Lightning on Сопсгеге. — hc effect of lightning on concrete, which has 
long bccn a matter of dispute, has been observed bv a leading member of the American 
Society of Civil Engineers, who has a reinforced-concrete water tank on his country 
estate. This was struck by lightning, which caused no injury, but changed the 
texture of the concrete in places from granular to vitrcous. The tank was heavily 


reinforced. 

Concrete v. Stone.—Rccently the members of the Leeds Corporation paid a visit 
to the new waterworks in the neighbourhood of Masham, where Messrs. Н. Arnold 
& Son, contractors, cf Doncastcr, are now carrying out the new Leighton Reservoir, 
which, when completed, will hold as much as 1,136,000,000 gals., and during the 
inspection of the works it was pointed out the great saving that had been attained by 
substituting concrete for stone work in one of the trenches which are to conduct the 
water into the reservoir. In one alone, which will be two miles long, there has been 
some 1.500 ft. lineal constructed, and by the substitution of concrete work for stonc, 
it 15 estimatec that there has been a saving of somewhere between £8,000 and £9,000, 
It is in such actual practical instances as these, when it is scen how much greater 
advantages can be derived from the adoption of concrete work for stone work, and 
more especially in the reinforced concrete of the present dav, which are making the 
latter become more and more popular for the entire construction of reservoirs. 

Amended By-laws.—The Harrogate Corporation have considered and amended 
their Building By-laws, to enable buildings to be erected in reinforced concrete, and 
have applied to the Local Government Board for their approval of the same. 


Conservative Club, Oldham.—A new Cons^rvative club is being erected in Oldham 
from the designs of Mr. C. T. Taylor, A.R.I.B.A., by Mr. J. Bewley, contractor, who 
is Carrying out all the reinforced concrete work on the Lewis Construction Company’s 
System. 

Central Stores, York.—Mr. W. Bell, the architect to the North Eastern Railway 
Co., has invited tenders on the Henncbique system of reinforced concrete for new 
central stores at York. 

Residential Flats, Leeds —Messrs. J. Wood & Sons, contractors, of Hyde Park, 
Leeds, are erecting a block of residential flats at Headingley, a residential suburb of 
the city, in which they purpose carrving all the floors out in reinforced concrete. 


| Warehouse, Liverpool.—An extensive new wool warehouse is to be erected in 
Liverpool for the Mersey Docks and Harbour Board. having all the floors and stanchions 
supporting same constructed of reinforced concrete. The contract for this has been 
let to Messrs. Kirk & Knight, contractors, of Sleaford. 

New Baths, Wiihington.—The citv architect of Manchester has recently been 
obtaining tenders for new swimming baths at Withington, which are to be erected in 
reinforced concrete. 

Electricity Works, Hull.—Thc Hull Corporation are erccting new electricity 
works in reinforced concrete from their city engineer's own designs, which are being 
carried out by Mr. T. J. Levitt, contractor, of Hull. 

Proposed Sewage Tanks in Reinforced Concrete.— The Chesterfield Rural District 
Council contemplate at an early date applying for permission to borrow from the 
Local Government Board for the carrying out of sewage tanks in reinforced concrete. 
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NOTE HOW EASILY DAM WAS CLOSED UP. 
NO SPECIAL PILES REQUIRED TO EFFECT THIS. 


Illustration shows our 15 in. X 43 lb. piling in use on the new Embankment Wall 
at Millbank, Westminster. The dam shown is 210 ft. long X 13 feet wide. The 
piles at front are 46 ft. 6 in. long, and at back 4| ft. These were driven through river 
ballast and sand into London clay. Same will be withdrawn and used three times. 


THE BRITISH STEEL PILING CO. 
DOCK HOUSE, BILLITER STREET, 
eet LONDON, EC. Mme 
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CONCRETE, MEMORANDA. 


CORRESPONDENCE. 


DEAR SIR, — We read with much interest your editorial article dealing with the 
state of the reinforced concrete trade in the country. 

We must agree with many of your remarks, but consider that the real cause of 
the depression at present existing is almost wholly due to the indiscriminate cutting 
of prices, which in many cases is due to real ignorance of the cost of the work. 

We are continually having cases brought to our notice of work, particularly 
centering, which is priced 20 per cent. to 35 per cent. below actual prime cost. You 
will in no case find a firm who have carried out any considerable amount of reine 
forced concrete work submitting such tenders. Such cutting in price does not conduce 
to the best practice, and seriously threatens the maintenance of the standard of 
workmanship in this country, which fortunately up to the present has been high, 
and which it is to the ultimate interests of everyone to maintain. 

We cannot agree with your remarks that there is not room for firms to devote 
themselves entirely to reinforced concrete construction—7.e., the actual erection. 
The erection, to our mind, requires much more attention, special experience, and 
a real understanding of the design than any general contracting firm can afford to 
give it. There are any number of good builders and contractors in this country 
who have badly burned their fingers in undertaking reinforced concrete work, as 
they have found that it cannot be handled and made to pay by those ordinary methods 
of contracting which in general work are satisfactory. Our opinion is that the industry 
is at present in a transition stage, and is gradually getting into stronger hands, and 
will eventually, like constructional steclwork, be confincd to recogniscd firms of good 
standing and experience. 

About three years ago there was a pronounced boom in reinforced concretc. 
Any number of firms, thinking there was a fortune to be made in it, started away 
with insufficient capital, no experience, and a lack of technical knowledge. Prices 
came down with a rush, thousands of pounds were spent in getting out schemes, 
50 per cent. of which should never have been contemplated in concrete, and naturally 
money was lost all round, and many of the firms have either had to retire from the 
field or close up altogether. Exactly the same thing happened in France, but 
eventually the business settled down into a satisfactory state, and efficient experi- 
enced firms are now handling the erection of reinforced concrete as a separate business, 
apart from general contracting. Our own experience is that, although we have 
always designed and tendered on a sound basis, and asked for a fair price for proper 
workmanship, we have never known what it is to be really slack, and at the present 
time our order book is better stocked than it has ever bcen. This, too, we think, 
is the experience of a goodly number of other firms who, like ourselves, made a studv 
of reinforced concrete many years ago. 


Yours faithfully, 
For D. G. SOMERVILLE & Co., 
D. С. SOMERVILLE. 
The Editor, CONCRETE AND CONSTRUCTIONAL ENGINEERING. 


ENQUIRY. 
"W. H. B., Newcastle, New South Wales, writes : 

‘“ I should be glad if you would kindly give me, through your paper, proportions 
of material for agricultural drain tiles or pipes, to make a porous pipe similar to clay 
pipes. I am near the coast, and there is plenty of sea sand, and possiblv very soft 
sandstone (in a state of decomposition).” 

Reply.— We would suggest that you make tests with various mixtures of concrete. 
We can only offer a few general suggestions, not having the materials submitted to us. 
We would not favour the decomposed sandstone for aggregate. You might be able 
to make a satisfactory pipe with gravel graded from } in. to } in. mixed with Portland 
cement in the proportion 4 or 5 to 1 without sand. Also sand and cement alone pro- 
pertioned 5 to 1 might prove satisfactory, but we prefer the gravel. 


TRADE NOTICES, CATALOGUES, ETC. 
Indented Bar Bulletin.—The seventeenth issue of the bulletin published bv the 
Indented Bar & Concrete Engineering Co., Ltd., contains some very interesting 
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illustrations of work carried out in reinforced concrete on their system, notably 
among which are those of the Abbassia Barracks, Cairo, in which reinforced-concrete 
floors have been used throughout. These barracks comprise altogether a series of 
twenty buildings, several of them of very considerable extent. Other illustrations in 
the bulletin represent a mill at Truro, joinery works, Letchworth, and a water tower 
at Middlesbrough, in all of which Indented bars formed the reinforcement. 

A copy of this bulletin will be sent to any of our readers free of charge on appli- 
cation to the Indented Bar & Concrcte Engineering Co., Ltd., of Queen Anne's 
Chambers, London, S.W. 

Ransome Mixers used at the Royal Liver Building.—1n our October number 
we gave an account of the Royal Liver Building, Liverpool, and we are now informed 
by the Ransome ver Mehr Machinery Co. that the contractors used a No. 2 Ransome 
mixer in the construction of this building. One machine carried out the whole work, 
cost practically nothing for repairs, and gavc entire satisfaction. 

Power's & Dean, Ransome's Limited. —We have teen informed that Mr. Geo. 
H, Gascoigne has been appointed manager of the reinforced concrete department of 
the above-named firm. 

The offices of the company are at 5 Marx Lane, and they are contractors íor 
every description of reinforced concrete work. 


CONTRACTS. 

Extensive Sanitary Works for the Town of Guayaquil, Ecuador. — We have 
been informed that, with the approval of Congress, the Government of Ecuador has 
signed a contract with thc representative of Monsieur Edmond Coignet, of Paris. 
authorising the issue of a loan of 50,000,000 francs (£2,000,000) for the purpose oí 
obtaining the required funds for the execution of certain sanitary works in the town 
of Guayaquil, works which this engineer has undertaken to carry out for the 
Guayaquil Municipal Council and the Sewage Commission. We understand that 
these worl s will incluce a large amount of reinfcrccd corcrete. 

‘The contract was obtained by Monsieur Coignet in the face of a good deal of 
opposition from United States contractors. 


c ПИ с=с 
IMPROVED CONSTRUCTION C0., LD. 


ELEPHONE : 4067 VICTORIA. ELEGRAMS : '" BICONCRETE, LONDON. 
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47 VICTORIA STREET, WESTMINSTER. 


Flat-hased Concrete Pipes 


Three feet long to Nine feet long. 


Breeze Partitions Porous Pipes 


Reinforced Sleepers Concrete Beams 


Telegraph Poles Hollow Floors 


SPECIALITY :—INVENTORS' DESIGNS CARRIED OUT TO ORDER. 
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Volume VI. No. 12. LONDON, DECEMBER, 1911. 


EDITORIAL NOTES. 


THE CONCRETE INSTITUTE. 
IN the current issue we are giving prominence to Sir Henry Tanner’s interesting 
presidential address to the members of the Concrete Institute. 

In many directions this address is eminently instructive, and in matters 
relating to the general position of concrete and reinforced concrete in Great 
Britain the views expressed, coming from such an authoritative source, should 
not only be carefully mastered by our readers, but should be acted upon 
promptly. This particularly applies to the President's remarks on legislation 
and on tenders. 

The address naturally also covers matters relating to the position of the 
Concrete Institute as an entity and the fact that since certain changes were 
made during the winter of 1909-1910 that body has in several respects been 
marking time rather than enjoying that continuous period of energetic develop- 
ment and growth which was a happy feature of its early days. 

In this issue we will deal with that part of the address that relates to the 
Concrete Institute per se, for we believe that the development of concrete and 
reinforced concrete in England and throughout the Empire, together with the 
technical standing of those professionally and industrially concerned in applying 
these materials, are to a very large extent dependent on the prestige of the 
Concrete Institute as their representative body. To tamper with the primary 
objects of the Concrete Institute, to change the fundamental features of its 
constitution, or to venture to change its name, would be not only fatal to the. 
Institute, but at the sime time give concrete and reinforced concrete the 
greatest set-back it has so far experienced anywhere in the world. 

The knowledge and the development of the uses of iron and steel, as 
furthered by the Iron and Steel Institute, are practically subsidiary to the 
greater subject of civil engineering as defined in the beautifully worded charter 
of the Institution of Civil Engineers. Concrete is in the identical relationship 
to the subject of engineering in its widest sense. Standing as an entity, the 
Iron and Steel Institute embraces among its membership the civil, mechanical 
and structural engineer, the scientist and the chemist, the industrial leader 
and manager concerned, and similarly the Concrete Institute represents those 
varied interests. To make the Concrete Institute in any way subservient to 
any specific branch of engineering, such as structural engineering, to any 
special industry such as that of reinforced concrete, or to any special science 
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as that of the cement chemist, would be as if the Iron and Steel Institute were 
to make its interests subsidiary to the mechanical engineer, to the metallurgical 
profession, or to the ironmasters. Just as the Iron and Steel Institute would 
become a fiasco if it blundered on the lines indicated, so would the Concrete 
Institute promptly lose its raison d'étre and prestige in such a case. 


THB MISTAKE OF TAMPERING WITH ITS OBJBCTS OR TITLE. 

That some such change is actually under consideration in the Сопсгеіт 
Institute is apparent from the presidential address, and we regret that such a 
matter should have been under contemplation even for one instant. Further, 
we are somewhat at a loss to understand why this idea, which takes a promi- 
rent place in the presidential address, should have been brought forward at all 
at this stage. It cannot be in the interests of the development of concrete and 
reinforced concrete—quite the reverse. It would be idle to contend that the 
investigation of those two materials does not afford sufficient scope for a 
well-managed society, be it the Concrete Institute or a new one with identical 
objects, for at least another quarter of a century. We know of no other subject 
in civil engineering requiring more close attention from all concerned, more 
detailed research or discussion. There is cnlv one reason that we can imagine 
for any change in the constitution and objects of the Institute. It must be a 
desire to improve the internal economy of the Institute—i.e., some desire to 
improve its revenue. In other words, the idea of a change of constitution, as 
suggested, has a monetary basis and is simply a makeshift, having nothing 
whatever to do with the great purposes for which the Institute was incorporated 
and the great technical duties it ought to fulfil. 


POSSIBLE INCREASE OF REVENUE. 

We have no doubt that there is some tangible reason for this desire for a 
great increase of revenue. The Institute has, according to the presidential 
address, found that during the last two years, when the energetic management 
of earlier days was not being carried on, there was a stoppage in the flow of 
new members; there have been resignations for some reason or other, no funds 
from fresh subscribers or donors have been forthcoming ; there has been little 
or no sale of the Institute's Transactions to non-members. Administrative and 
other changes have cost money, and the Institute lacks money. But surely all 
this, if actually the case, does not involve changes of constitution or name. At 
the most it means opening the doors of the Institute to architects and surveyors, 
structural engineers, teachers of building construction, district and borough 
surveyors, cement chemists and others who have not, so far, been specificallv 
invited to join as the civil engineers originally were, but who should certainly 
all be interested in the Institute's work. There are many means for increasing 
the membership if energetically and, above all, tactfully applied, whilst duly 
guarding the doors against the unsuitable and insufficiently educated. 

Further, why not have an entrance fee and eventually raise the annual 
subscription for future members? Why not encourage special subscriptions for 
its library, for literary and research work, obtain a sale for the excellent 
Transactions, have paving lecture schemes, and even paying diploma exami- 
nations on special subjects? Then the students’ scheme should be developed 
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and produce a substantial revenue. Altogether the ways of increasing the 
Institute's funds are numerous without tampering with the constitution of the 
name of that body, which in any case would mean disaster. 


THE IRRESPONSIBLE MANAGEMENT OF GIANT “ BOARDS." 

The management, as we have already ventured to hint for some little time, 
has not been as effective of late as it was in its earlier days. We fully realise 
that in the beginning, when the management rested very much with a small 
executive of three, exercising somewhat autocratic powers, the methods of 
obtaining the results, however beneficial, did not accord with the modern 
ideas that a multitude of heads spells wisdom. The whole modern tendency in 
all societies, national, political or technical, is towards the more republican 
method of management by large committees of talkers rather than workers. 
The Institute is now managed in its veriest detail by a Council of some thirty 
members, amongst whom the interest in their work varies materially, and 
probably rarely involves an attendance of half their number, or, say, a con- 
secutive attendance at any three meetings by an identical ten. Only 
in one instance—if we are rightly informed—during the last two 
years has the new form of management been replaced by effective 
personal management—namely, as referred to by one of the speakers on the 
address, when Sir Henry Tanner took the reins personally in his hands for the 
organisation and conjluct of the Institute's first annual dinner. Even in that 
case there had to be nominally a dinner committee, but fortunately that com- 
mittee left the President a free hand. 


RESPONSIBILITY AND THE INDIVIDUAL. 

We believe that there are already signs that the Council itself realises that 
its republican methods are leading in a wrong direction, and that small special 
working committees, and the delegation of specific work to the individuals most 
suited, may again be favoured. We would strongly urge upon the Institute’s 
Council that it should again deleyate, as in its earlier days, certain specific 
functions to small sub-committees not exceeding three or five, each member of 
which is personally interested in the subject dealt with by the sub-committee in 
question and is prepared to deal with it in that energetic and prompt manner 
with which he would deal with his own as distinct from corporate affairs. That 
method is the only possible one if successful work is to be obtained. 

If the General Meetings are to be made more popular let certain individuals 
be responsible for the meetings, their management, their conduct in every way. 
If it be a question of the publications, let the same method prevail. But to 
imagine that the Institute's meetings will be well attended, will be attractive or 
in any way popular when it is nobody's business to look after them properly, 
when the sclection of the locale of the meetings allows of the President's 
address being accompanied by tramway noises, and its Summer Meeting by 
hammering, is farcical. To imagine that members of the Institute will be 
satisfied when thcir Transactions appear at the erratic and delayed intervals 
that they now do, because it is nobody’s business to see that they are got out 
promptly, is absurd. 

We say all this in no carping spirit. We simply wish to indicate what 


B 891 


THE СОМСЕЕТЕ INSTITUTE. (CONCRETE) 


has come to our notice in innumerable letters from members and ex-members 
of the Institute, and we only give indications with a view to suggesting that 
the Institute should promptly put its house in order with regard to the 
management before it takes up the makeshift problem of changing its name, 
objects and constitution. 

GENERALLY. 

If structural engineers wish to have a society of their own, let them have 
one by all means; if three or four individual members of the Council are par- 
ticularly anxious that this should be the case, let them turn their energies to 
the formation of an Institute of Structural Engineers; but let the members as a 
whole, who joined owing to their interest in concrete and reinforced concrete, 
realise that in the meantime their interests are side-tracked to make room for 
the discussion of administrative '' aerial castles.’’ Time is wasted which would 
be far better applied to really constructive work in the advancement of research 
and technical education. 

At the same time, it should be clearly understood that if the Concrete 
Institute desires to use the nucleus of its large membership for the purpose of 
making a structural engineering institution, they will immediately lose the 
majority of their present members, and that there is also very little doubt that 
but very short time would elapse before some other corporation would have to 
be formed to satisfy the requirements of those specifically fathering the science 
and industry concerned, as the interests of concrete and its constituents are far 
too great to be made subsidiary to any second-rate or minor technical society 
sailing under the flag of ‘° Structural Engineering." 


STRUCTURAL ENGINEERS. 


As a result of Sir Henry Tanner's address we have received numerous 
inquiries for a definition. of °° Structural Engineers," and though we have 
looked up various dictionaries and inquired from authoritative sources, we are 
afraid that the term does not appear to be recognised as a professional descrip- 
tion, and is thus certainly not as desirable a one from the professional and 
scientific points of view as some apparently think. 

Generally speaking, a structural engineer, as recognised by building owners 
and employers, as also by the members of the engineering and architectural 
professions, is an individual or firm engaged in contracting for steel structural 
work of all descriptions above ground and, in exceptional cases, underground, 
who may or may not do a certain amount of designing in connection with 
tenders or the execution of contracts. 

To speak of a structural engineer in common parlance means referring to 
a contractor in that speciality. . 

A few unsuccessful civil engineers ог would-be members of the Institution 
of Civil Engineers who have failed in their examinations, and a few engineering 
emplovees of structural contracting firms, like to call themselves structural 
engineers, as also some of the minor employees in our public bodies, who cannot 
be classed as either architects, civil engineers, surveyors, or clerks. 

No self-respecting civil engineer who 15 a consulting—t.e., professional— 
engineer would either colloquially or in a court of law describe himself as а 
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structural engineer, and thus we feel that, apart from any points raised in the 
above leading article dealing with the Concrete Institute, and the danger of its 
tampering with its name, the mere fact of adopting a title in which the term 
structural engineer figures would, ipso facto, give the Institute to which it 
is applied a far lesser standing than it enjoys at present. 


LONDON COUNTY COUNCIL'S REGULATIONS FOR REINFORCED CONCRETE. 


On November 13th, 1911, almost two and a half years after the passing of the 
London County Council General Powers Act of 1909, which gave that body 
powers to issue regulations on reinforced concrete, the Building Act Committee 
of the London County Council has definitely reported its requirements to the 
plenum of the Council, and the Council of November 21st, 1911, has decided 
to go to the Local Government Board and ask for the confirmation of the rules 
It suggests. 

We are thus practically within sight of rules on reinforced concrete being 
adopted for the Metropolis, and, with a certain amount of good fortune, three 
years will not have quite gone by before the much-discussed and long-needed 
code is put into force. If we add that the matter was under consideration for 
quite two years before powers were granted by Parliament, we find that this 
simple piece of administrative work relating to reinforced concrete has taken the 
combined forces of the House of Commons, the House of Lords, the London 
County Council, numerous special Committees, and at least half a dozen of 
our great Institutions a full five years to obtain what in nearly every other 
country could be obtained, with due consideration and full efficiency, in about 
a period of something like six months. No wonder reinforced concrete con- 
struction is handicapped in the Metropolis if these are the methods—if methods 
they can be called-—-to which it is subjected. 

To put matters quite plainly, five years have been wasted. Large sums of 
money have had to be thrown away unnecessarily by building employers—and 
for what? Simply to pander to an inane conservatism against new building 
methods. 

We have pleasure in giving in this issue the rules as defined by the Build- 
ing Act Committee and adopted by the London County Council, together with 
the short preamble submitted by the Building Act Committee. From this 
preamble it will be observed that certain Institutions named їп the Act—namely, 
the Surveyors’ Institution, the Institution of Civil Engineers, the Royal Insti- 
tute of British Architects, and the Concrete Institute—who have to be consulted 
by the Local Government Board before the rules are approved, have been pre- 
viously approached in the matter of these regulations, and similarly a number 
of other Institutions have been invited to pass opinions on the rules in question. 
The outcome is a set of regulations which are a fair compromise of the various 
views indicated, excepting, however, those of the Royal Institute of British 
Architects, who appear to have been adverse to any regulations whatsoever. 

It is not our intention at present to deal at length with the 
rules themselves, and we only publish them now as indicating what 
the London County Council consider desirable, and what a good many 
reasonable professional men think advantageous. We will enter into a discus- 
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sion of some of the details of the regulations at a later stage, but, generally 
speaking, we would like to congratulate Mr. W. E. Riley, the Superintending 
Architect, for the manner in which he has prepared these rules, regardless of 
the methods of opposition to which he was subjected both in Parliament and 
at a later stage, and if we do not quite see eye to eye with him on some small 
technical matters, we would, however, like to say that on the broad principles 
set out in these rules we, as representing a large number of those interested in 
the science of building construction, in the application of concrete and rein- 
forced concrete and the users of such materials, welcome the new regulations 
as being necessary and essential to the well-being and safety of the Metropolis 
and of great economic value to building owners throughout the County of 
London. 
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REGULATIONS FOR 
REINFORCED CONCRETE. 


At a meeting of the London County Council, held on the 21st November, 1911, 
Mr. Edward White, J.P. (Chairman), presiding, the following report of the Building 
Acts Committee as to regulations respecting’'reinforced concrete buildings under the 
London County Council (General Powers) Act, 1909, was submitted to the Council 
and approved by them, and the Council has decided to send the regulations to’ the Local 
Government Board for confirmation. — ED. 


REPORT OF THE BUILDING ACTS COMMITTEE. 
Regulations with respect to the construction of buildings wholly or partly of reinforced concrete. 


1.—WirH regard to the authority conferred on the Council by section 23 of 
the London County Council (General Powers) Act, 1909, to make regulations 
with respect to the construction of buildings wholly or partly of reinforced 
concrete, we have prepared draft regulations. 

By section 23 (4) of the Act, the Council is required to give to the Sur- 
veyors’ Institution, the Institution of Civil Engineers, the Royal Institute of 
British Architects, and the Concrete Institute notice of its intention to apply to 
the Local Government Board for allowance of any regulations made under this 
section, and with a view to the avoidance of material alterations in the regula- 
tions by the Local Government Board, the suggestions of these authorities on 
the draft regulations have been invited, and, in a large majority of instances, 
incorporated therein. If the Council approves the regulations, it will be neces- 
sary for them to be confirmed at a subsequent meeting. The Board should be 
asked to fix a date for the coming into operation of the regulations. We 
recommend— 

(a) That, pursuant to the provisions of section 23 of the London County 


Council (General Powers) Act, 1909, regulations with respect to the construction 
of buildings wholly or partly of reinforced concrete be made as follows— 


(6) That, on confirmation of the regulations referred to in the foregoing reso- 
lution (a), the necessary steps be taken to obtain the sanction of the Local Govern- 
ment Board thereto, and that the Board be asked to fix a date for the coming into 
force of the regulations. 

(c) That, on confirmation of the regulations referred to in the foregoing reso- 
lution (a), notice be given to the Surveyors’ Institution, the Institution of Civil 
Engineers, the Royal Institute of British Architects, and the Concrete Institute of 
the Council’s intention to apply to the Local Government Board for allowance of 
the regulations referred to in the foregoing resolution (a). 


Regulations referred to in paragraph No. 1 (a) of the foregoing report— 


Regulations with respect to the construction of buildings wholly or partly 
of reinforced concrete and with respect to the use and composition of reinforced 
concrete in such construction. 
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Whereas under the provisions of section 23 of the London County Council 
(General Powers) Act, 1909, the London County Council (therein and herein- 
after referred to as ''the Council") have power to make regulations with 
respect to the construction of buildings wholly or partly of reinforced concrete 
and with respect to the use and composition of reinforced concrete in such 
construction. 

Now therefore in pursuance of the powers conferred upon the Council bv 
the said section the Council do hereby make the following regulations : 


PART 1. 
GENERAL. 


1.—Reinforced concrete the subject of these regulations shall be concrete reinforced 
by metal so combined that the metal will 
(a) be sufficient to take up all the direct tensile stresses ; 
(b) assist in the resistance to shear ; 
(c) assist in the resistance to compression where necessary ; 
and where the term '' reinforced concrete " is hereafter used in these regulations it 
shall mean concrete reinforced as aforesaid. 
`  2.—The skeleton framework of reinforced concrete of a building together with the 
party wall or party walls (if any) upon which such framework bears shall be capable of 
safely and independently sustaining the whole dead load and the superimposed load 
bearing upon such framework and party wall or party walls. 
3-—All floors and staircases (together with their enclosing walls) shall be constructed 
throughout of fire-resisting materials and be carried upon supports of fire-resisting 
materials. 
4.—In the case of the erection of a new building of reinforced concrete or the 
making of any addition or alteration or the carrying out of other work under the 
provisions of these regulations the notice required to be served on the district surveyor 
under section 145 of the London Building Act, 1894, shall be accompanied (a) in the case 
of a new building by plans and sections of sufficient detail to show the construction 
thereof, together with a copy of the calculations of the loads and stresses to be provided 
for and particulars of the materials to be used; and should such plans, sections, 
calculations or particulars be, in the opinion of the district surveyor, not in sufficient 
detail, the person depositing the same shall furnish the district surveyor with such 
further plans, sections, calculations or particulars as he may reasonably require, and 
(b) in the case of an alteration or addition or other work as aforesaid by such plans, 
sections, calculations and particulars as the district surveyor may reasonably require. 
5.—Nothing in these regulations shall be deemed to authorise the construction of 
buildings of reinforced concrete in which the loads and stresses are not transmitted 
through each storey to the foundations by a skeleton framework of reinforced concre:e 
or partly by a skeleton framework of reinforced concrete and partly by a party wall or 
party walls. 
PART II. 
DATA. 
Floor and roof loads. 


6.—The dead load of a building shall consist of the actual weight of walls, floors, 
roofs, partitions and all other permanent construction comprised in such building. 

7.—The superimposed load in respect of a building shall consist of all loads other 
than the dead load. 

8.—For the purpose of calculating the loads on foundations, pillars, piers, walls, 
framework, beams and other constructions carrying loads in buildings, the superimposed 
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load on each floor and on the roof shall be estimated as equivalent to the following 
dead load :— 


درو 


For a floor intended to be used |Equivalent dead For a floor intended to be used [Equivalent dead 
wholly or principally for load in Ib. per wholly or principally for load in lb. per 
the purpose of sq. ft. the purpose of sq. ft. 


ue А Art galleries 112 
Artisan’s dwelling з dio 70 Chapels 112 
Domestic purpose ivi eas 70 Churches 112 
Human habitation ... ioa 70 Class rooms 112 

: ; | Concert rooms ... 112 
Private dwelling-house ove 70 lecture fooms-..- ME 112 
Library reading rooms 112 
Meeting rooms 112 
Asylum wards ... si 3 84 Music halls TAM 
Public assembly 112 
Common lodging - house bed- 84 Retail shops 112 
rooms Theatres 112 
Hospital wards T ias 84 Workshops I12 
: ep 
Hotel bedrooms bol "kA 4 йай 
Workhouse werds T ie R4 Drill rooms ^ d 5 
uu Similar floors subject to vibra- 
tion 
Counting houses ЗАД Sea 100 MS 
Off Book stores at libraries 221 

fices "ii eee eee eee 100 Museums 224 

Other similar purposes jus 100 Warehouses 224 


10.—In every building of the warehouse class a notice shall be permanently 
exhibited in а conspicuous place on each storey of such building stating the maximum 
superimposed load per square foot which may be carried on any part of the floor of 
such storey. 

11.—For a roof the plane of which inclines upwards at a greater angle than twenty 
degrees with the horizontal, the superimposed load, which shal for this purpose be 
deemed to include wind pressure and weight of snow and ice, shall be estimated at 
twenty-eight pounds per square foot of sloping surface normal to such sloping surface 
on either side of such roof. 

12.— For all other roofs the superimposed load shall be estimated at fifty-six pounds 
per square foot measured on a horizontal plane. 

13. — Provided that if the superimposed load on any floor or roof 15 to exceed that 
hereinbefore specified for such floor or roof such greater load shall be provided for. 

14.—Provided also that in the case of апу floor intended to be used for a purpose 
for which a superimposed load is not specified in these regulations, the superimposed 
load to be carried on such floor shall be provided for. 

15.—For the purpose of calculating the total load to be carried on foundations, 
pillars and walls in buildings of more than two storevs in height, the superimposed 
loads for the roof and topmost storey shall be calculated in full, but for the lower 
storevs a reduction of the superimposed loads shall be allowed as follows : 

16.—For the storey next below the topmost storey a reduction of ten per cent. of 
the calculated superimposed load shall be alowed; for the next storey twenty per cent. ; 
and so on by increments of ten per cent. per storey till the reduction amounts to fifty 
per cent. It shall be taken at fifty per cent. for all floors below. 

17.—No such reduction as aforesaid shall be allowed in the case of a building of 
the warehouse class. 

Wind pressure. 

184.—A11 buildings shall be so designed as to resist safely a wind pressure іп any 
horizontal direction of not less than twenty pounds per square foot of the whole 
projected surface normal to the direction of the wind. 
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18B.—-All structures or attachments whatsoever in connection with a building, 
including towers or other parts which extend above the roof flat or gutter adjoining 
thereto, shall be so designed as to resist safely a wind pressure in any horizontal 
direction of not less than forty pounds per square foot of the whole projected suríace 
normal to the direction of the wind. 

Weights. 

19.—In calculating the safe load on beams and floor slabs allowance shall be made 
for the weight of the beam or floor slab itself. 

20.—For the purposes of calculation, the weight of reinforced concrete shall be 
taken at 150 pounds per cubic foot. 

Ratio of span to depth of a beam. 

21.—For the purpose of determining the ratio of span to depth of a beam, the 
effective depth of the beam shall be taken. 

22.—The effective depth is to be measured from the compressed edge of the 
constructional concrete to the common centre of gravity of the tensile reinforcement. 

23.— The span of a beam shall not exceed twenty-four times the effective depth of 
the beam unless the calculated deflection of such beam is less than one six-hundredth 
part of the span. 

Bending moments. 

24.— For the purpose of ascertaining the bending moments the effective span shall 
be taken. 

25.—In the case of non-continuous beams, the effective span shall be taken as the 
distance between the main vertical sides of the piers, pillars or walls, plus the depth of 
the beam at the supports, or the span between the centres of the necessary bearing 
surfaces, whichever тау be the lesser. 

26.—In the case of continuous beams, the effective span shall be taken as the 
distance between the centres of the supporting beams, piers, pillars or walls. 

274.—Bending moment at the fixed end of a cantilever with a single concentrated 
load at the free end— В = WI where W = weight. l=length of effective span. 

278.—Bending moment at the fixed end of a cantilever with the load uniformly 
distributed— B — pL 
27c.— Bending moment at the centre of a beam with both ends freely supported and 
a single concentrated load at the centre-— p = W! 

27D.— Bending moment at the centre of a beam with the ends freely supported and 
the load uniformly distributed B= №? 

27E..- Bending moment at the supports and at the centre of a beam with both 
ends fixed and a single concentrated load at the centre— B= WI 

27F.—Bending moment at the fixed end of a beam with one end fixed and one end 
supported and the load uniformly distributed-— WIE 


276.— Bending moment throughout the middle half of the span of a beam with 


one end fixed and one end freely supported and the load uniformly distributed — p= 
27H.— Bending moment at the ends of a beam with both ends fixed and the load 
uniformly distributed— B, — ИА 
271.— Bending moment at the centre of a beam with both ends fixed and the load 
uniformly distributed — B,— 7 


28.— The effective span of slabs shall be taken as the clear span plus the thickness 


of the slab. 
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294.—Bending moment across the centre of a square slab supported on four edges 
and reinforced in two directions at right angles to each other with load uniformly 
distributed—- В = I 

298.—DBending moment along the edges of a square slab fixed along four edges 


and reinforced in two directions at right angles to each other with reinforcements bent 
WI 
21 
29c.—When the length of a slab exceeds twice its breadth no allowance shall be 
made for support in the direction of the length of such slab. | 
29D.— For other ratios of length to breadth, the bending moments shall be found by 
the following formulas— 
W= Weight on slab (total distributed weight, including its own weight). 
b= breadth of slab. 
l=length of slab. 


up over the supports, the load being uniformly distributed — B= 


B = Bending moment at any . Condition B for shorter B for longer 
given cross-section. of supports. span. span. 
B at centre of spau = B. ... s sus .. | Free € .. Wb. 1 WI. 1 
8 bA * 8 Гу* 
1 (’) 1+ (27 
B at end of span = В, v pe s ..| Fixed  ... : Wb. 1 WI. 1 
12 b\* 12 l 
ta (0) 1+ (,) 
В at centre of span = Be ... ae T | Fixed es А | Wb. 1 WI. ra 


30.— The spacing of the reinforcement in slabs under a uniform distributed load 
may be gradually increased from the middle third of the slab towards the outer edges 
of the slab provided— 

(a) That the spacing at the outer edges be not greater than three times 
the spacing at the centre of the slab; 

(b) That the bars or strands of the reinforcement be of uniform diameter 
or thickness throughout the cross-section of the stab. 


31.— End spans of a series of continuous beams or slabs shall only be considered as 
fixed at the extreme ends when adequate provision is made for taking up the stresses 
which would be induced in the beam or slab and its supports. 

32.— For every condition of loading not herein specified, the bending moment and 
stresses for beams or slabs must be calculated bv the accepted formulas of modern 


engineering practice. 
Working stresses. 


33---Except as provided for in pillars, the safe working stresses on concrete shall 
not exceed the following :— 


Proportion by volume. 


| Coarse Coarse 
Stresses on concrete. Cement. | Sand. material. { Cement. | Sand. material. 
I | 2 | 4 I | Tt} | 3 


Stress in lb. per sq. in. Stress in Ib. per sq. in. 


Direct compressive stress 600 700 
Extreme fibre stress 25 SENE 600 m 700 
Frictional stress S T and T 100 w 100 
steel | 
Shearing stress on plane sections zc. n 60 EE бо 
Tensile stress... 5 a el E E a m 
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34.— 


Stresses on mild steel complying with the Lbs. per sq. in. 
British Standard Specification. 


Direct compressive stress = m c where m = modular ratio, and c = safe 


working compressive stress (in lb. per sq. in.) on concrete surrounding 
the steel 


Direct tensile stress on mild steel in longitudinal members Ves 
Tensile stress in web-reinforcement 


Shearing stress on mild steel ... 


12,000 


35.— Provision shall be made for the stresses due to eccentric loading. 

36.— The algebraic sum of the stresses in any member subject to eccentric loading 
shall not exceed the maximum permissible direct stress. 

37.— The term ‘‘ combined stresses " when used in these regulations shall mean 
the algebraic sum of all the stresses, eccentric and direct, and any other stresses due 
to any cause or causes. 

Neither the steel nor the concrete shall be subjected to combined stresses which 
together exceed the maximum permissible direct stress. 

38.—Every member subject to alternating tensile and compressive stresses shall be 
designed and proportioned to resist the maximum for each stress. 

39.—AH joints in or between reinforced concrete members shall be designed and 
arranged so that the stresses which may come upon them shall be within the limits 
allowed by these regulations. 

40.—The concrete may be assumed to take up a shearing stress of 60 lb. per square 
inch, but any remaining shear shall be provided for by the reinforcement. 


Grip length. 
41.—The grip length or adhesion length of a bar embedded in concrete shall be 
measured along the bar from any given cross section to the end of the bar. 
42.--The grip or adhesion length (in inches) shall not be less than 
2:5 td for round or square bars, or 
5 bdt for rectangular bars, 


b+d 
Where 


b=the breadth of the bar in inches. 

d=the least diameter of the bar in inches. 

t=the tenstle stress (in thousands of pounds per square inch) at the given 
cross section. 

Additional security shall be provided by fish-tailing the ends of the bars or b 
bending the ends of the bars into a J form, or by mechanical bond. 

In the case of a bar having mechanical bond the least diameter of the bar may be 
measured from outside to outside of the transverse projections provided— 

(a) That the transverse projections are not farther apart (centre to centre) 
than twice the normal diameter of the bar; 

(b) That the height of such projections above the normal surface of the 
bar shall be at least ygth of an inch on all bars exceeding one-half inch in 
diameter and 1-32nd of an inch on all bars not exceeding one-half inch in 
diameter. 

Modular ratio. 
43.— The term *“ modular ratio " (m) means the ratio of the elastic modulus of 
steel to the clastic modulus of concrete. 
44.—The elastic modulus for steel in tension or compression shall be taken at 
thirtv million pounds per square inch. 
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45.— LT he elastic modulus for concrete in compression or tension shall be taken at 
two million pounds per square inch. 


46.---The modular ratio for steel and concrete shall be taken at 15. 


PART III. 
BEAMS. 

47.— The term “ Беат " shall include any beam, girder, lintel, bressummer or 
cantilever, or any other similar member carrying transverse loads. 

48.—The least diameter or thickness of the longitudinal bars in beams shall not 
be less than one-quarter of an inch. Wiring may be used solely for holding the bars 
during the process of placing the concrete in position. 

49.—All other reinforcements in beams shall be at least one-eighth of an inch in 
diameter or thickness. 

so.—There shall be a distance of at least one inch between the bars in beams 
except at joints or in cases where the bars are bound close together throughout the 
length in contact and have both ends properly turned up in the form of a hook. 

51.— The maximum distance between the bars of the tensile reinforcement in beams 
shall not be greater than twelve inches. i 


Compressive reinforcement. 

52.—Where compressive reinforcement is provided in beams the sectional area of 
the beam in the plane of the reinforcement may be assumed to be increased by fourteen 
times the cross sectional area of the steel in compression. 

53-—-Where compressive reinforcement is provided and calculated to take part of 
the compression it must be anchored by bars extending through the middle third of the 
effective depth of the beam. | 

34.—The anchors shall not be farther apart (centre to centre) than the effective 
depth of the beam. 

Shear reinforcement. 

55---All beams shall Бе provided with adequate shear members and such shear 
members shall— 

(a) Be spaced according to the distribution and intensity of the shearing 
stresses, but the distance from centre to centre of the shear reinforcement at 
any part of the beam shall not exceed the effective depth of the beam. 

(b) At least extend from the centre of the tensile reinforcement to the 
centre of pressure in the concrete under compression. 

(с) Be passed under or round the tensile reinforcement or be otherwise 
secured thereto. | 

(d) Have a mechanical anchorage at both ends, or they shall have a 
mechanical bond with the concrete throughout their length. 


Brackets at ends of beams and bracketed work. 
56.—-1п cases where splayed work is provided under the ends of beams such work 
shall be in addition to the support required by these regulations. 
57.—]n cases where bracketed work is necessary and provided to carry loads, it 
shall be reinforced sufficiently to provide for the stresses due to such loads. 


SLABS. 
38.—The effective depth of slabs shall be measured from the compressed edge of 
the constructional concrete to the centre of gravity of the tensile reinforcement. 
59-—The least diameter or thickness of main reinforcing bars in slabs shall not be 
less than one-quarter of an inch. Wiring may be used solely for holding the bars 
during the process of placing the concrete in position. - 
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60.—All other reinforcement in slabs shall be at least one-tenth of an inch in 
diameter or thickness. 

61.—There shall be a distance of at least one inch between bars in slabs except 
at joints and at points where the bars are in direct contact and transverse to one 
another. 

62.—All meshed reinforcement shall be of such dimensions as will enable the coarse 
material in the concrete to pass easily through the meshes of such reinforcement. 

63.—The maximum distance between bars or strands of the tensile reinforcement 
in slabs shall not be greater than 12 inches. 


RESISTANCE MOMENTS, 
64.—The resistance moment of reinforced concrete construction under transverse 
loads shall be determined by formulas based on the following assumptions— 

(a) All tensile stresses shall be taken by the steel. 

(b) The strain in any fibre is directly proportionate to the distance of that 
fibre from the neutral axis. 

(c) The tensile elastic modulus of concrete shall be assumed to be equal 
to the compressive elastic modulus of that material. 

(d) The elastic moduli of the concrete remain constant within the limits 
of the working stress. 

(e) The stress-strain curve or graph is a straight line. 

(f) The grip between the concrete and steel is sufficient to make the two 
materials act together. 

65.— 

Notation. 

A= Area of tensile reinforcement (in square inches). 

a=the arm of the resistance moment (in inches). 

B= Bending moment of the external loads and forces. 

b= breadth of rectangular beam in inches, or the breadth of the flange of 
a tee beam in inches. 

c=compressive safe working stress on the extreme edge of the concrete 
in compression (in lb. per square inch). 

d,= total depth of slab in inches. 

d =the effective depth of the beam in inches, i.e., the distance from the compressed 
edge of the constructional concrete of the beam to the common centre of 
gravity of the tensile reinforcement. 

E, = Elastic modulus of concrete in compression. 

E, = Elastic modulus of steel in tension. 

l=the length of the effective span of a beam. 


- 


m= = = 15= modular ratio. 


€ 
n =the distance of the neutral axis from the compressed ейге of the constructional 
concrete of the beam (in inches). 

п Oe н 
n, =псифка1 axis ratio, ьп, а = п. 

€ 
p=the percentage of tensile reinforcement = 100r. 
R — Resistance moment of the internal stresses in the beam. 


y= ratio of A, to bd, 1.е., roe and A,= rbd. 
€ 


5 


s, = slab depth ratio= 
€ 
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NEERING ~; 
t=tensile working stress on steel in tensile reinforcement (in lb. per square 


inch of cross section). 
W =the total weight to be carried by a beam. 


Rectangular and tee beams. 
66.—In the case of rectangular beams and tee beams when the neutral axis is 
within the slab, t.e., tee beams in which r is less than 
s? 
2m(1—s,) 
the position of the neutral axis shall be obtained from the equation— 
n,— y (m'r'-2mr) ^ mr 


and —— ج‎ 
n — [y (mir*- 2mr) ^ mr]d 


67.— The mean compressive stress on the concrete shall be taken at 2 
68.—The arm of the resistance moment shall be obtained from the equations— 


1 
=d—-or 
s 3 


69.—The tensile resistance moment shall be obtained from the equations— 


R=tA(a—*) or 
R,- tA (1—"') or 


ве trod(1- ^) 
70.—The compressive resistance moment shall be obtained from the equations— 


Re= (а) or 
R= 4, (1-5) 


Tee beams. 
71.— For the purpose of computing the resistance moment of a tee beam, the width 
of the flange shall not be taken at more than— 
(a) One-third of the effective span of the tee beam; 
(b) Three-fourths of the distance between the centres of the ribs of the 
tee beams; 
(c) Six times the width of the rib of the tee beam; 
(d) Fifteen times the thickness of the slab; 
whichever is the least. 
72.—When a part of a slab is taken as forming part of a tee beam, the reinforce- 
ment in the slab transverse to the beam must cross the full width of the portion of the 
slab forming the flange of the tee beam. 
73.—AM tee beams shall be reinforced against shearing stress along the plane of 
junction of the rib and the flange. 
74.—In the case of tee beams, when the neutral axis intersects the rib, i.e., tee 
beams in which r is greater than 
s, 
2m (1—s,) 
the position of the neutral axis shall be obtained from the equation 
28; 2r 
7,772 (s,— mr) 
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75.—The mean compressive stress shall not be taken at more than 


<, 
1-2) 
cmr (2—5) 
s; + 2mr 
76.—The arm of the resistance moment =a where 


a $,[ 3n, — 28, | 
a=d [1 — 3 Он ) ] or approximately 
d 


a=d— ~ 
2 
77 —The compressive resistance moment = R, where 
S, 
R.=c È = 22] Sd 


sf -4mrs? —12mvrs, + 12mr 
Re = cbd,d [ 6 (52+ 2r) ] 
78.-—The tensile resistance moment — R, where 


R, == {Аа or 
s>+4mrs?—12mrs,—12mr 
am 2 1 i 1 re! 
Rr= tod [ 6т(2—8,) | 


79.—A note shall be added to the drawings of all pillars and beams showing the 
ioads which have been provided for. 


PART IV. 
PILLARS. 

8o.— The term “ pillar ” when used in these regulations shall be deemed to include 
any pillar, pier, post, column, detached support, or any other vertical compression 
member. 

81.—Pillars shall be designed on the assumption that the concrete and the vertical 
bars are shortened in length in the same proportion. 

82.—]n calculating the strength of a pillar, the maximum value of the ratio of 
length to effective diameter shall be taken. 

83.— The length shall be measured between the lateral supports, irrespective of anv 
splaved work. | 

84.— The effective diameter shall be measured to the outside of the outermost 
vertical reinforcement and shall be measured in the direction of the lateral supports 
which determine the length of the pillar. 

85.—4A pillar shall be deemed to have fixed ends when the ends of the pillar are 
sufficiently secured to other parts of the construction having such rigidity as will 
maintain the axis of the pillar at the ends in its original vertical position under all 
loads less than the crippling load. 

86.— When both ends are fixed and when the ratio of length to the effective diameier 
does not exceed— 


18 ie a ... The full stress may be allowed on the pillars. 
21 za i e. R of above may be allowed. 

24 vus eis e. 76 Vs 3 $3 

25 D T A з i ўз 

30 i T IE. ,» » » 


For other ratios the stress shall be proportionate to the above. 
87.—|n the case of compression members not having both ends fixed, the loads 
shall be as follows :— 
Let P=the maximum permissible pressure on pillars and compression 
members having fixed ends. 
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Condition of ends. Working load. 
One end fixed and one end hinged... M -— wig Siis e 5 sek L 
А р 
Both ends hinged _... a des T vs "- uta sy T "HT E: 
One end fixed and the other end free and not me н or ирне in all P 
directions ... ys "m e , us эз 16 


88.—Each pillar with rectilinear laterals shall have at least four lines of vertical 
reinforcement throughout its entire length. 
89.— Each pillar with curvilinear laterals shall have at least six lines of vertical 
reinforcement throughout its entire length. 
9o.— The diameter of vertical rods shall not be less than J inch nor greater than 
2 inches. 
91.— The least diameter of rectilinear laterals (hooping) shall not be less than ths 
of an inch. 
92.— The least diameter of curvilinear laterals (hooping) shall not be less than jth 
of ..n inch. 
93.— The pitch of the laterals shall not exceed уһ of the effective diameter of 
the pillars. 
94.—]Joints in the vertical reinforcement of pillars shall only be made at a floor 
level or other point of lateral support. 
g5.—All joints in the vertical reinforcement shall be provided with steel or iron 
(a) Close-fitting sleeves, or 
(b) Clamps, or 
(c) Properly bound spices having an overlap at least equal to forty times 
the least diameter of the bar, or 
(d) Flitch or fish bars having the grip length on either side of the joint at 
least equal to forty times the least diameter of the bar. 
96.—In the case of rectangular pillars in which the ratio between the greater and 
the lesser diameter exceeds one and a half, the cross section of the pillar shall be 
subdivided by cross-ties, and the number of vertical rods shall be such that the distance 
between the rods along the longer side of the rectangie shall not exceed the distance 
between the rods along the shorter side of the rectangle. 
97.— Ihe total cross-sectional area of the vertical reinforcement in any pillar shall 
not be less than o'8 per cent. of the area of the hooped core. 
98.— The volume of lateral reinforcement shall not be less than o'3 per cent. of 
the volume of the hooped core. 
69.— The stress on the concrete in the area bounded by the lateral reinforcement 


shall not exceed— 
Waru (1 Ffsr] where 

W,- the working factor = Пе reciprocal of the safety EOE 

Sf =the safety factor — 4. 

и =the ultimate crushing resistance of concrete at three months. 

{= form factor, depending upon form or type of laterals (see table). 

s=spacing factor depending upon the spacing or pitch of the laterals (see table). 

r — ratio of the volume of lateral reinforcement to the volume of the hooped core in 
any given length of pillar. 

Wf u=} of the ultimate compressive resistance of concrete at ninety days after 
mixing as given in item No. (132). 
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IOO.— 
Table showing the value of fs. 
| | | 
; Spacing of | 
Form of lateral ji pis ` laterals in terms DICE Value of 
reinforcement. SUE | of diameter of | SERO /s. 
hooped core. ^ 

Helical ..  ..  .. 0. a I. 24 | 32 32 
Helical  ... € Р dias TI I. | 3d 24 24 
Helical  ... РИ od vis p I. 44 16 16 
Circular hoops... DA a -—- :75 | 24 32 24 
Circular hoops  ... si г us "75 34 24 18 
Circular hoops  ... кез "s гы ۰75 | 44 16 12 
Rectilinear fs cs Me sic 5 | :2d | 32 16 
Rectilinear -— xd a" ids `5 , 34 24 | 12 
Rectilinear bes zm pe Sos 5 | ‘4d 16 8 
Rectilinear seit Me is sie 5 | sd | 8 4 
Rectilinear 5 ба | о о 


ror.— The safe load on pillars shall be obtained from the equation— 
P=c [A+(m—1) А „| where 
Р = Total permissible pressure. 
c= working compressive stress on the concrete of the hooped core. 
A-effective area of the pillar—t.e., the area bounded by the lateral reinforcement 
measured to the inside of the hooping. 
Ay= Area of the vertical reinforcement. 
m = modular ratio= Es 
E. | 
102.—- The following limits of stress shall be observed in pillars :-— 
(a) The stress on the metal reinforcement (i.e., the value of mc) shall not 
exceed o'5 of the elastic limit of the metal; 
(b) The stress on the metal reinforcement shall not exceed one-fourth of 
the ultimate statical tensile strength of the metal; 
(c) Notwithstanding anv other provision of these regulations, the working 
stress on the concrete of pillars shall not exceed the following values, whatever 
the percentage of lateral reinforcement :--- 


Limiting value of 


Form of laterals. working stress. 


Rectilinear 


0°54 
Independent circular hoops o:58u 
Helical o-66u 


"i 
"i 


PART V. 
WALLS. 

103.— Where the dead loads and superimposed loads are transmitted to the founda- 
tions bv a series of reinforced concrete pillars, beams, arches, or other construction 
designed and reinforced under these rules, anv external enclosing walls of reinforced 
concrete between such pillars may be of any thickness not less than four inches 
provided that such enclosing walls are designed and reinforced under these rules to 
resist any loads and pressures they may have to carry. 

104.—In any case where апу wall or part of a wall is intended to support vertical 
loads or resist lateral pressures, it shall be of such thickness as may be necessary to 
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keep the stresses within the limits prescribed by these rules for the construction of 
pillars, beams, and other members. 

105.—When portions of the external walls between the reinforced concrete pillars 
and beams are constructed of brickwork, or stonework or plain concrete, such portions 
of walls shall be of a thickness not less than 8} in. for the topmost 20 ft. of their 
height and 13 in. for the remainder of their height below such topmost 2o ft. 

When walls are constructed of hollow concrete blocks the total thickness shall 
not be less than 84 in. nor the hollow space more than 3 in. 

Provided that a less thickness shall be allowed in any case in which under the 
London Building Act, 1894, such less thickness is prescribed, and provided that in any 
case in which an external wall or portion of an external wall is not supported or 
carried or secured bv the reinforced concrete skeleton framed construction within the 
limit of height and length prescribed bv the First Schedule to the London Building 
Act, 1894, for the purpose of determining the thickness of walls, such external wall 
or portion of external wall shall be of a thickness not less than that prescribed by such 
schedule. 

106.—AH walls and facing materials shall be securely connected to the pillars, 
beams, floors and other contiguous parts of the reinforced concrete construction. 

107.— Each panel in anv external wall shall be designed to resist safely a horizontal 
pressure of at least thirty pounds per square foot assumed to be acting uniformly over 
the area of one panel from either side. 

108.— Openings of larger aggregate area than allowed by the principal Act тау be 
made in external walls provided— 

(a) That the aggregate area of such openings in a wall of апу storey above 
the ground storey will not exceed two-thirds of the whole area of the wall 
of such storey. 

(b) That the aggregate width of such openings in a wall of any storey 
above the ground storev will not exceed three-quarters of the whole length of 
the wall of such storey. 

109.—Party walls and division walls constructed in reinforced concrete in accord- 
ance with these regulations shall be of such thickness as may be necessary to comply 
therewith, but in no part shall such wall be of less thickness than 8 in. 

110.—Provided that any such partv wall between a building constructed in re- 
inforced concrete and a building (of the warehouse class) constructed in accordance 
with the Rules of the Act of 1894, or as a steel-framed building, shall not be in any 
part less than 13 in. in thickness. 

I11.— The pressure on any brickwork shall not exceed the following : -- 


Tons per sq. ft. 


Blue brick in cement mortar.. ` е in I 
Hard brick (including London stock) in cement сЕ. 
Ordinary brick in cement mortar : 


nm Oh 


Such brickwork shall not have a height without proper lateral supports of more 
than six times its least thickness, but апу such brickwork with proper supports may 
have a height between such lateral supports not more than twelve times the least 
thickness of such brickwork. Such thickness shall in no case be less than thirteen 
and a half inches. 

PART VI. 
FOUNDATIONS. 

112.—The pressure of foundations on the natural ground shall not exceed the 

following :— 
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| Tons per sq. ft. 


Natural bed of soft clay or wet or loose sand кз P n — I 
Natural bed of ordinary clay or confined sand . s n 2 
Natural bed of compact gravel, London blue clay or chalk ups E 4 


113.— I he pressure on plain concrete in foundations shall not exceed twelve tons 
per square foot. 

PART VII. 
PROTECTION. 

114.— The cover shall be measured from the outer surface of the concrete to the 
outer surface of the metal reinforcement. 

113.— The cover of vertical bars in pillars shall not be less than 14 in. and not less 
than the diameter of such vertical bar. 

116.— The cover of longitudinal bars in beams shall not be less than one inch and 
not less than the diameter of such longitudinal bars. 

117.— The cover of tensile, compressive, shear or any other reinforcement in slabs 
shall not be less than one-half inch, and not less than the diameter of the bars in such 
reinforcement. 

PART VHI. 
MATERIALS. 
Cement. 

118.—АШ cement used shall be Portland cement of slow setting quality and shall 
be in accordance with the British Standard Specification from time to time in operation. 

119.— The quantity of cement shall be determined by weight and ninety pounds 
shall be deemed to be the equivalent of one cubic foot. 


Sand. 

120.— The sand shall be clean and gritty and composed of hard silicious grains. 

It shall be free from clay or any animal or vegetable matter. 

121.-—Ml sand shall pass through a mesh three-sixteenths of an inch square 
measured in the clear. 

122.- The sand shall be separated from the coarse material before the materials 
are measured. 

Coarse Material. 

123.— The term ‘coarse material’? means all the ingredients of the concrete 
except the cement and the sand. 

124.— The coarse material shall consist of clean Thames or pit-ballast or gravel, 
hard stone, granite, basalt, trap rcck, broken hard brick or other equallv hard suitable 
material to be approved bv the District Surveyor. 

125.—-The following materials shall not be used with the sand or coarse material in 
the composition of the concrete under these regulations :— 

(a) Coal residues, including clinkers, cinders, ashes, coke breeze, pan 
breeze, slag and other similar material. 

(b) Blast furnace slag, copper slag, forge breeze, dross and other similar 
material. 

(c) Sulphates, including plaster of Paris, and other similar materials. 

(d) Limestones, magnesian limestones, marbles and other calcium 
carbonates. 

126.—Unless quite clean all ballast or gravel shall be thoroughly washed. 

127.—The coarse material shall be of such a size as will pass through a mesh three- 
quarters of an inch square measured in the clear and be retained on a mesh three- 
sixteenths of an inch square measured in the clear. 
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128.— The coarse material shall be varied in size as much as possible between the 
limits of size allowed for the work, but shall not be larger than such as can pass 
between the reinforcement and between the reinforcement and the centering. 

129.— The coarse material if of a porous nature shall be thoroughly wetted before 
being mixed with the cement mortar. 

130.—The volume of mortar shall be at least 15 per cent. in excess of what would 
be required to fill completely the interstices and voids of the coarse material. 

131.—The volume of coarse material shall not be more than twice the volume of 


sand. 
Concrete. 


1324.— Тһе concrete shall be composed of cement, sand and coarse material in one 
of the following or intermediate proportions and the ultimate compressive resistance 
shall not be less than that specified for the proportion adopted :— 


Proportion by volume. lb. per sq. 10. 


| Ultimate compressive resistance in 
= 
| days after mixing. | до davs after mixing. 


Cement. Sand. . Coarse material, -, 28 
1 | 2 | 4 | 1,800 2,400 
I 14 3 | 2,100 2,800 


132B.— The ultimate compressive resistance of concrete of materials mixed in inter- 
mediate proportions may be estimated from the following equation— 


u=12+ с where 
Vi 


u= ultimate compressive resistance at go days in hundreds of pounds per square 
inch. 

V, = Volume of inert material per unit volume of cement. 

133-—All three materials should be thoroughly mixed dry, and then thoroughly 
mixed again after wetting. 

134.—The concrete must be placed in its final position before initial set has taken 
piace. 

In the case of beams, pillars and walls the thickness of the lavers of loose concrete 
shall not exceed three inches before ramming. 

As soon as possible after mixing, the concrete shall be properly rammed into the 
moulds in such a manner and under such conditions as will secure a compact mass, 
without voids and of the greatest possible densitv for the proportions used. 


Steel. 
135.—.M] metal reinforcement shall be of steel which shall comply with the 
British Standard Specification for structural steel for bridges and general building 
construction from time to time in operation; or shall be of any other structural steel 
which may hereafter be standardized by the Engineering Standards Committee. 
136.— The working tensile stress on such other structural steel which may here- 
after be standardized shall not exceed — 
(a) One-fourth of its ultimate resistance; 
(b) One-half the stress at the vield point of the steel ; 
(c) 20,000 lbs. per square inch; 

whichever is the least. 

137.— Steel having a greater ultimate tensile resistance than seventv-two thousand 
pounds per square inch shall have an efficient continuous mechanical bond with the 
concrete in which— 
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(a) the transverse projections are not further apart (centre to centre) than 
twice the normal diameter of the bar; 

(b) the height of such projections above the normal surface of the bar shall 
be at least th of an inch on all bars exceeding half-inch in diameter and 4, nd 
of an inch on all bars not exceeding half-inch in diameter. 

138.—All metal for reinforcement shall be cleaned of all scale dust and loose rust, 
and, if coated, it shall be thoroughly coated with one coat of Portland cement wash of 
adequate consistency immediately before depositing the concrete. 

139.— End welding shall not be allowed in any tensile reinforcement. 


PART IX. 


TESTS AND TESTING. 

140.—The District Surveyor shall for the purpose of due supervision of the 
construction of a building be furnished with reasonable proof as to the quality of 
materials to be used in such construction and shall, if not furnished with such proof or 
for any other reason, require the builder or other person causing or directing the work 
to be executed to make any tests which the District Survevor mav consider necessary. 

141.—For determining the resistance of concrete, tests shall be made on cubes of 
not less than four inches each way, or cvlinders of not less than six inches each wav. 

142.— The conditions accompanying the preparation, setting, maturing and actual 
testing of the cube or other test piece shall as far as possible conform to the con- 
ditions that would obtain in the actual execution of the reinforced work. 

143.—If at any time during the construction or within two months after the 
completion of the reinforced concrete construction it is found necessary to test anv 
part of such construction by reason of any sign of weakness or faulty work appearing 
in the construction, the builder or other person causing or directing the work to be 
executed shall make such tests, and, in the event of the District Survevor being 
satisfied that such construction is not as required by these regulations, it shall be 
reconstructed and reinstated in accordance therewith. 

The measured deflection of beams under the full working load shall not exceed 
1/60oth of the span. 

144.— Ihe superimposed test load on any floor, roof or other structure shall be one 
and a half times the superimposed load for which such floor, roof, or other structure 
has been designed. 

145.—Loading tests shall not be made until the expiry of sixty days from the daie 
of laving the concrete. 


PART X. 
CENTERING.. 
146.—For the purpose of these regulations, the term ‘‘ Centering " shall include 
all forms, moulds, sheeting, shuttering, planks, poles, posts, shores, struts and 
strutting, ties, uprights, walling and all other temporary supports to the concrete during 
the process of setting. 
147.—The centering shall be of such dimensions and so constructed as to remain 
rigid during the laying, tamping and setting of the concrete. 
148.—The vertical strutting shall be maintained continuous through the lower 
storeys to the foundations or to other floors or beams which are sufficiently set to afford 
the required support without injury to the construction. 
149.—All centering shall be removed without shock or vibration. 
150.—Before removing the centering under any beam or floor slab, the pillars 
below such beam or floor slab shall be partially stripped so that the pillars may be 
examined on all sides. 
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PART XI. 
WORKMANSHIP. 

151.—All reinforcement shall be placed and maintained in the exact position shown 
on the drawings. 

152.— The concreting in any member shall be carried out as continuously as possible. 

153.— Where work has to be recommenced on a surface which has hardened, such 
surface shall be well hacked, swept clean, thoroughly wetted and covered with a grout 
of neat cement and water or with a mortar composed of equal volumes of cement 
and sand. 

154.—-Concrete laid during hot weather shall be watered daily (Sundays and 
holidavs included) during the first week of hardening. 

155.— Concrete shall be protected during frosty weather. 

1536.— Concrete cement or mortar which has been frozen shall not be used again 
unless it has been thoroughly thawed and broken up. It shall then be considered 
measured and gauged as inert material onlv, and shall be mixed with fresh cement. 

157.— Ml beams, slabs and other similar members which have been exposed to 
frost during the first week of hardening shall be tested with a superimposed load of 
14 times the superimposed working load, but ninety davs shail elapse before such test 
is made in lieu of the sixty days required where work has been executed under normal 
conditions. 

158.— No cutting for piping or any other purpose shall be done which would reduce 
the strength of any part of the structure below what is required by these regulations. 

139.-- Wood or other combustible material shail not be embedded in the concrete 
which has been provided to comply with the statical requirements of these regulations. 

Blocks of coke breeze or other equally incombustible material тау be allowed 
solely for fixing purposes provided they do not reduce the structural stability, and also 
provided that the area of such blocks at anv given cross section is not included in the 
calculated compressive area of any beam, slab, pillar, or other constructional member. 

160.-- Wood or other combustible material may be placed on or over the surface 
of the constructional concrete provided that any voids or hollow spaces between the 
combustible and incombustible material be filled up with materials of an incombustible 
nature. 
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REINFORCED CONCRETE 
JETTY AND VIADUCT FOR 
HIGH LEVEL COAL HOIST AT PORT 
TALBOT DOCKS. 


By W. CLEAVER, M. Inst.C. E. 


We give an interesting example in this articie of the use of reinforcea concrete for dock 
work, and hope at a later date to give an account of the other reinforced concrete structures 
being carried out for the Port Talbot Railway and Docks Company.—ED. 


IN CONCRETE AND CONSTRUCTIONAL ENGINEERING for March, 1907, there was a 
description of the construction, tests, etc., of what constituted at that time the 
first reinforced concrete jetty built for the erection of Dock Coal Tips. Since 
then a great number have been built for similar purposes at various docks, 
and sundry works in reinforced concrete have also been carried out since 
at Port Talbot Docks for the Port Talbot Railway and Docks Company. 
Recently, however, a fairly important jetty has been completed and 
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View of Jetty and Viaduct before erection of Hoist. 
REINFORCED CONCRETE JETTY AND VIADUCT AT Port Tarsot Docks. 
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brought into use in the old portion of the docks, on which is erected one of 
the very latest coal tips in the country. 

Port Talbot Docks, one 
of the oldest docks in the 
Bristol Channel, has during 
the last decade been very 
much enlarged and brought 
up to date, and the work 
described in this article is 
only one of a number of 
extensions and improve- 
ments still being carried 
out in order that the greatly 
increased traffic, due to 
the proximity of the docks 


" 
x 
E to the South Wales coal- 
t fields, can be dealt with 
| 3 expeditiously and economi- 
м 
1 = z cally. 
n ox : 
NE Eg The Reinforced Con- 
«| H N = "E е 
E = 3 & crete Jetty and Viaduct in 
S | = В . " 
"d 34 ш 5 question have been designed 
«| +> д 2 " 
Va ahd = 2 and built on the Henne- 
«| 3, > o > А Я . 
|a]. ia 4" bique principle so far as the 
‚А Е 54 steci reinforcement is 
К. = ч > 
Е £ & concerned. 
С Гл " >, Ы 
4“ J| de «|1 А! ЫЗ Ihe jetty proper—that 
“4 0 к . " 
C `` 7 3 * 15, the portion beneath the 
A ¢ £ і о o 
9. (COE | A 2 steel superstructure of the 
Дев" А Q P А 
Ame Е à a hoist—was designed for a 
xi ' ul А 
ы $ ¢ working load of 8'5 cwt. 
CHE © 
| a = рег super. ft., over an area 
= ee ny 2 % of 720 super. ft., and the 
ROM WT. uc . test-load, consisting of rails 
1 “rit t and sleepers, amounted to 
8 ; istri 
| E goo tons, distributed over 
DENM! . the same area, equivalent to 
MEM - -7 | 13'9 cwt. per super. ft., or 
E 65 per cent. in excess of 


the working load. 

The result of the test 
was very satisfactory, the 
maximum deflection of the 
decking being ysths of an 
oe th | inch, and the average de- 
(lection ith of an inch. After the removal of the load the decking resumed 
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its normal position, showing that there was no permanent set. 
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© The Reinforced Concrete 
Approach Viaduct was de- 
signed for a gross working 
load of a 20-ton standard coal 
wagon, but for the test a 
44-ton six-wheel coupled 
saddle tank locomotive was 
used. One of the centre and 
longest beams of the Viaduct 
was chosen for the test, this 
member being 16 in. deep by 
8 in. wide, with a clear span 
of 20 ft., and a s-in. rein- 
forced concrete decking above. 

The maximum deflection 
registered by the Deflecto- 
meter, both with loco. running 
and standing, was 5-64 of 
an in., which is practically 
1-3,000 of the span, as against 
the specified limit of 1-600 of 
the span. When the load was 
removed the beam resumed its 
normal position without any 
permanent set. 

The author can vouch for 
the above tests as they were 
carried out under his personal 
direction and supervision. 

The jetty consists of a 
number of 14-in. square rein- 
forced concrete piles, driven 
through hard boulder gravel 
{о an average depth of 8 ft. 
below dock bottom. Owing 
to the considerable depth cf 
32 ft. of water without lateral 
bracing, and in order to resist 
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General Elevation. 
REINFORCED CONCRETE JETTY AND Viapuct AT Port TALBOT Docks. 
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shear stresses due to vessels 
coming in contact with the 
jetty, the front piles were 
driven in pairs, and after- 
wards each pair was encased 
with 4-ft. 6-in. diameter bv 
4-in. thick reinforced concrete 
cylinders, the space between 
piles and cylinders being filled 
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in with vertical rods and mass concrete. This arrangement forms a number 
of rigid columns, each with a large cross-sectional area. 

As a further precaution, and in order that the inevitable wear and tear 
due to abrasion can be repaired at minimum cost, the actual front of the Jettv 
is faced with vertical and longitudinal elm fenders, the verticals being driven 


into dock bottom as piles. 
Most of the piles were driven off a stage formed by a number of timber 


balks, the ends of which were firmly secured to the shore on one side, and the 
other side to a floating barge placed parallel to the face of the Jetty and well 
clear of same. The barge was fully loaded with ballast so as to make the 
stage as rigid and devoid of lateral moveinent as possible. 
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Cross-sectional view of Jetty with pərtion of Hoist. 
REINFORCED CONCRETE JETTY AND VIADUCT AT Port Tarnor Docks. 


The monkey (which was 2 tons in weight) was manipulated by an ordinary 
steam crane winch, but was allowed a clear drop of 6 ft. by means of ап 
ordinary hand nippers, and the specified maximum set was I in. to ten blows 
for the last forty to fifty blows. In order to penetrate the hard gravel, how- 
ever, drops of 8 and even g ft. were given without injury to the piles. 

The hoist recently brought into use consists of a 32-ton fixed hydraulic 
coal tip, constructed by Messrs. Tannett, Walker & Co., of Leeds, and is 
capable of lifting and tipping a 20-ton standard coal wagon (i.e., a gross load 
—with cradle—of 32 tons) to a height of 60 ft. above quay level, or about 


67 ft. above dock water level. 
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Among the requirements of modern docks almost the most imperative is 


View cf Jetty after a portion of the Test Load was removed 
REINFORCED: CONCRETE JETTY AND VIADUCT AT Port TarBor Docks. 


speed, and for this purpose the hoist has been arranged to travel, both when 
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lifting and lowering, at the rate of 180 ft. per minute, so that the total highest 


Test of Viaduct 
REINFORCED Concrete JETTY AND VIADUCT AT Porr TaLnor Docks, 
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lift of 6o ft. only takes about 20 seconds, this constituting the fastest speed 


yet reached with hydraulic power under similar conditions. 
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The hoist is fitted with two cranes for the handling of anti-breakage 
boxes, etc., capable of raising and lowering 6 tons and 2 tons respectively 
through a height of 100 ft. at 3 ft. per second to a maximum radius of 3o ft. 

The tip shoot is 27 ft. long, 6 ft. wide at the point and 12 ft. at the 
heel. The heel and the point of the shoot are arranged to be lifted and lowered 
by independent hydraulic motors. The total height of the tip is about 93 ft. 
from quay level, exclusive of the anti-breakage crane jibs, which reach about 
5 ft. higher. 

The loaded wagon sidings for the new tip are capable of storing at least 
200 wagons, which gravitate automatically to the tip, and the empty wagon 
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Cross-sectional view of Weighbridge and House. 


REINFORCED CONCRETE JErTY AND VIADUCT AT Port TALBOT Docks. 


sidings, which are also arranged to gravitate automatically away from the 
tip, will hold at least go wagons. The new storage sidings alongside the tip 
will hold about 210 wagons. | 

The contractor for the Keinforced Concrete Jetty and Viaduct was Mr. 
George Palmer, of Neath. 

The whole of the embankments, sidings, etc., were constructed by the 
Dock Company's own men, and the entire works, with the exception of the 
hydraulic plant, were carried out to the designs and under the supervision of 
the author. 

The hydraulic plant, hoists, etc., were designed and carried out under the 
supervision of Mr. H. J. Roberts, the Dock Company's Mechanical Engineer. 
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А TEST ON А FLAT SLAB 
| FLOOR IN A REINFORCED 


CONCRETE BUILDING. 


By ARTHUR R. LORD. 


The following account of a very interesting test on a flat slab floor, carried out by 
Mr. Arthur R. Lord, Research Fellow of the Engineering Experiment Station, University of 
Illinois, was read by him at a meeting of the National Association of Cement Users of 
America, and should be carefully studied by our readers.—ED. 


THE most important recent development in building construction is the intro- 
duction and rapid extension of the flat slab type of floor. The advantages 
of this construction, from the standpoint of both the occupant and the 
builder, are very generally admitted. It cannot, however, hope to receive the full 
confidence of engineers until the nature of the structural action in such floors is 
understood. In the presence of so many unknown conditions as obtain in the flat 
slab floor, no analysis can stand which is not supported by convincing test data. 
It is evident that a really satisfactory test of such construction can be carried on in 
our present laboratories only at a very large expense, and at a sacrifice of many of the 
conditions obtaining in building construction. We mav sav certainly that such à 
test as is practical under laboratory limitations would fail to carry the weight among 
practising engineers that would attach to a test of an actual structure in which test 
laboratory methods and refinement prevailed. When we take our laboratory afield, 
however, we must recognise the disadvantage arising from the fact that the test тау 
not be carried to destruction. In such a test we may hope to secure information on 
working stresses only, and we may not be able to determine absolutely the weakest 
points in our design. We shall, however, obtain much data of great value in a hitherto 
unexplored field, and one of the most important features of the test described in this 
paper lies in the fact that it demonstrates the feasibility of making field tests with 
practically laboratory refinement. А test which shows that it is possible to take 
precise extensometers into a building and measure the actual deformations which 
occur in the component parts of the structure as the load is applied or removed has 
justifed its undertaking. When the simple transformation of these deformations 
into stresses has been made, we shall have at hand most valuable information аз а 
basis of future design. Questions regarding the fixidity of the slab at the columna 
" and “slab” action, and the other 
disturbing elements which separate our analysis assumptions and our actual conditions, 
are all overcome in the test of the actual structure, and the true stresses present in the 
floor are observed directly. 

The attempt was made to cover a few of the most essential points thoroughly, 
leaving many other questions for consideration in future tests, when the experienc’ 
gained in this test may be available for use in determining the best methods. Measure- 
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ments were taken on the deflection at several points, on the deformation of the steel 
at the centre of the span, on the deformation of the steel over the column capital, 
on the deformation of the concrete at the edge of the capital, and on the curvature 
of the elastic surface in two directions. Working without precedents, it was necessary 
to design new instruments for use on this test and new methods of attachment for 
other instruments, so that it must be expected that the accuracy of the results was 
not so great as may be obtained under the best laboratory conditions. As will be 
shown, however, the stresses were determined within quite narrow limits, and the 
difficulties were found less troublesome than had been expected. 

The test was made possible through the united action of the Leonard Construc- 
tion Companv of Chicago, the Concrete Steel Products Company of Chicago, and the 
l:ngincering Experiment Station of the University of Illinois. 

The building tested was an eleven.story and basement warehouse, now under 
construction at Minneapolis, Minn., for the Deers and Webber Companv of that 
city. Fig. 1 shows the floor plan of the building and the location of the panels loaded. 
The dimensions of the 
panels are 18 ft. 8 in. 
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Perrin 7 by 19 ft. rin. A one,‏ 1 ا 
two, and four mixture‏ 20-0 -9 | 
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| ! ж-а construction of this 
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ber of bulkhead separa. 

Fic. 1. PLAN oF FLOOR SHOWING LOCATION or PANELS TESTED. tions occur in the slab, 

Such separations occur 

in every panel under load except one. The concrete was only 40 days old at the 

beginning of the test. The general conditions were such as to give slightly higher 
stresses than we would expect were the slab well seasoned and normally poured. 

In applying the load, care was taken that no serious arch action in the load be 
possible. In the earlier stages bricks were piled in piers, as shown in Fig. І, and in 
the views, Figs. 2 and 5, with open aisles from 8 to 16 in. wide between the piers. 
Later, cement was used as load, the piers being maintained separate as before. 

A brief description of the instruments for measuring deformations may be of 
assistance in understanding the methods used, and in judging the accuracy ot 
the results. For deflection, the instrument shown in Fig. 3 was used. А 
polished steel ball was attached to the cailing, and another carried on an upright, 
and the instrument was inserted between them. Measurements were made in this 


manner to the nearest y:boin. with accuracy. For measuring the deforma- 
tion in the steel at the centre of the span, a clamp was rigidly attached to the slab 
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rod (the concrete being removed at one point for this purpose), and a Wissler dial was 
carried on the clamp (see Fig. 4). А fine, silk-covered copper wire was attached 
to the rod at distance of exactly 15 in. from the clamp, and passed immediately below 
the rod, over an idler on the clamp, and then over the drum of the dial. This wire 
was 4X in. below the under surface of the slab rod, and the deformations observed 
were therefore slightly in excess of the actual deformation in the rod. The wire was 
placed in this position, because experience in the laboratory has demonstrated that 
measurements taken below the slab, depending on the position of the neutral axis 
for corrections, are subject to considerable error. By this arrangement the deforma- 
tion was measured to an indicated reading of ; 5; in. on a gauge length of 15 in. 
The instrument was less responsive to slight changes than were the other instruments 
used, and the stress in the steel may vary by as much as боо to 1,000 lb. per sq. in. 
from the value observed, which is much closer than we can design for on account 
of the manv unknown factors entering into all design computations. 

For measuring the deformation in the steel over the column capital, a modification 
of the Berry exten- 
somcter was made 
(with. {һе permis- 
sion of Professor 
Н. C. Berry, of the 
University of Penn- 
Sylvania). This 
instrument isshown 
in Fig. 5. The 
slab rods were first 
bared at two points 
I5 in. apart, and 
very small holes 
drilled in them 
The points of the 
instrument fit into 
these holes, and 
any deformation 
within the  15-in. 
gauge length is 
Fig, 2. MANNER or APPLICATION OF LOAD. multiplied 


five 
times bv the lever 
arrangement before being read on the dial attached to the frame. A slight variation is 
possible in manipulating this instrument, and five readings were therefore taken at each 
observation and averaged. The stress is obtained within a range of less than 1,000 Ib. per 
sq. in. A regular Berry 6-in. extensometer was used to measure deformations in the con- 
crete over 6-in. gauge lengths. These observations are reliable certainly to the nearest 
50 Ib. per sq. in. of stress. To correct for temperature variations, one entire dav was 
spent in observing effects due to temperature alone, and the larger Berry extenso- 
meter was read on a standard bar between each series of slab readings. In general, 
temperature cffects were much less serious than were anticipated. In the planning of 
the tests and the designing of the instruments, the writer was assisted bv Professors 
Arthur N. Talbot and Herbert F. Moore, of the Engineering Experiment Station of 
the University of Illinois. 
The test continued for six days, from October 30th to November 5th inclusive. 
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Fight panels were loaded, as shown іп Figs. І, 2, and 5. Readings were first taken on 
all instruments with the floor unloaded, and a load equal to 75 lb. per sq. ft. was then 
applied over the entire eight panels. Another set of readings were taken, and the 
load increased to 150 lb. per sq. ft. In this manner alternate readings and loadings 
were continued for three days. The maximum load of 350 lb. was allowed to remain 
on floor about 22 hours, reading being taken at frequent intervals during that time. 
The floor was then unloaded, the outer panels being first cleared, and finally the load 
was removed from the centre panel. Readings were taken at intervals during 
the progress of the unloading. The data obtained are plotted in the graphs accom- 
panying this paper. 


DATA OBSERVED. 


Deflections.— Fig. 6 shows graphically the deflections at sixteen points, On the 
second diagram of Fig. 6 note the comparison between readings 5 and II, where 
bulkheads existed, 
and readings 17 and 
42, where no bulk. 
heads were present. 
Other instances of 
the marked effect of 
bulkheads on the 
stiffness of the slab 
may be seen in the 
plotted data. In 
general the deflec- 
tions were greater 
in the outer panels 
than in the centre 
panel, due in part to 
the bulkheads in 
these outer panels 
and in part to the 
natural tendency to 
higher stresses and 
deflections in end 
panels. The deflec- 
tions would pro- 
bably have been 
smaller with well- 
cured concrete, and 


in considering de. 


Fic. 33 DEFLECTOMETEHX IN PLACE. flections it must be 
remembered that 
this slab was only 43 davs old when the maximum load was placed upon it. The 


maximum deflection found was 0°32 in., exactly ,;1,th of the span. This was 
at a bulkhead in an outer panel. In the centre panel the deflection, for all eight 
panels loaded, was 0:227 in., ог ұу of the span, which increased to 0'274 in. or 
125o Of the span, when the load was removed from the outer panels. 

Stress in Steel at Centre.— Fig. 7 give the data on the measured deformations 
in the steel at the centre of the spans. 

The graphs show total deformation over the lengths gauged. On the upper line 
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in Fig. 7 are shown deformations in the centre panel, and it is to be noted that 
these are, in general, smaller than those in the outer panels. This would lead us to 
believe that we should design the stecl at the centre of the span for one panel 
only, as this 
apparentlv gives a 
worse condition а? 
the centre than full 
loading. With 
reference to Fig. 7, 
it is of interest to 
point out that all 
three of these rods 
were not as high 
above the decking 
as the other rods 
in the band, and 
hence took a higher 
stress than the 
band as a whole. 
The stresses ob- 
served at the centre 
were very low, and 
show how marked 
is the effect of 
slab action in de- 
creasing the stress 
at these points. 
It would seem that 
any attempt to 
arrive at the values 
of these stresses 
without a liberal! 
allowance being 
made for this slab 
action, must result 
in misrepresenting 
the actual  con- 
ditions. The ob- 
served stresses in- 
dicate that the 
diagonal and cross 
band rods take 


practically the 
Same stress. 
Ne Stress in Steel 


Fic. 5. MODIFIED Berry EATENSOMETER IN PLACK FOR MEASURING over Head. —Fig. 8 
DEFORMATION IN REINFORCEMENT OVER CAPITAL. gives the data on 

this subject. Тһе 

upper row are diagonal rods, the lower row cross-band rols. Note that rods 205 and 
208, which are outer rods in the cross-bands, too’s much higher stresses than 
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rods 206 and 209, which were near the centre of the band. In the writer’s opinion 
this is strong evidence against the assertion commonly made that these outer rods 
scrve only to carry load to the rods which they intersect and which do pass over the 
column. Among the diagonal rods we may note that the stress in rod 207 was 
measured over the edge of the capital while that in 203 and 204 was measured opposite 
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the centre of the column. The higher stress in 207 would seem to indicate that 
the stress in these rods decreases as we pass from the critical section at the edge of the 
capital to any section nearer the centre of the column. This is as we should expect. 
The stresses found from these readings indicate clearly that the slab should be designed 
for a maximum moment over the support, and not at the centre as is quite commonly 


925 


Digitized by Google 


ARTHUR Р. LORD. CONCRETE, 


LS A 
maintained. In the design of this building some 75 per cent. more steel was provided 
over the support than was used at the centre, and we easily imagine that the stress 
must be exceedingly high in many flat slab designs where this extra steel is not pro- 
vided in anywhere near the same amount. Since the stress reached the allowable 
value of 16,000 pounds per sq. in., we may conclude that the designers were not at 


fault in providing this additional steel over the support. 
Stress ia Concrete at Edge of Capital.—Fizg. 9 gives deformations observed in 
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FIG. 7. DIAGRAM SHOWING STRESS IN REINFORCEMENT AT CENTRE OF SPAN. 


the concrete. Owing to the fact that no intention of testing existed when the slab 
was poured no specimens of the concrete were available from which to deter- 
mine the modulus of elasticity. Hence we are obliged to assume a value for concrete 
about 40 to 45 days old cured in fall weather at Minneapolis. From experiments 
made at the University of Illinois, concrete of the same age cured under laboratory 
conditions showed a modulus of 1,875,000 pounds per sq. in., and in Table I. this 
value has been used as giving the very highest possible value for the concrete stress. 
It would probably be fairer to the construction to use a modulus of 1,500,000 pounds 
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per sq. in., resulting in stresses four-fifths as large. In Fig. 9 a stress of 100 pounds 
per sq. in. corresponds to a deformation of .0004 in. with a modulus of 1,875,000, or 
to a deformation of .0005 in. with a modulus of 1,500,000. Ап interesting feature 
shown in the curves is the falling off in the concrete stress when the load was allowed 
to remain over night. The decrease is less marked at higher loads than at low loads, 
while readings taken at very frequent intervals while the maximum load was on the 
floor showed that at first the stress steadily increased, and the decrease did not begin 
until some time after the load was applicd. The phenomenon is of interest as showing 
the readjustment in stresses which takes place under load even in the least plastic 
constructions. In general the concrete stresses checked those found in the steel over 
the support. It would not seem that compressive reinforcement were needed at 
this point, the maximum stress being from 650 to 750 pounds per square in., which is 
permissible for concrete stressed in several directions and over a very short distance. 
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Fic. 8. DIAGRAM SHOWING STRESS IN REINFORCEMENT OVER CAPITAL. 


If, however, a higher percentagc* of steel had been used, resulting in a thinner slab, as 
is commonly done, it is evident that compressive reinforcement would be absolutely 
necessary for good design. 

Summary of Stresses. — Table I. gives a summary of the stresses found at various 
points under the design load of 225 lb. per sq. ft., and also under the maximum load 
applied of 350 lb. per sq. ft. In every case where a choice has been possible the higher 
value has been given. as, for instance, in the concrete stresses the modulus has been 
assumed as 1,875,000 lb. per sq. in. instead of the (probably) more just value of 
I,500,000 lb. per sq. in. The dead load stresses have been taken as one half the live 


* [n the slab tested a very low percentage of steel was used, giving a much thicker slab and hence better stress 
conditions at the support than is usually found in this type of construction. 
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load stress at the design load (the dead weight of the slab being half this load). This, 
also, is a maximum assumption, and probably somewhat in excess of the true value, 
as the concrete was not broken in tension until after a live load of 75 lb. per sq. ft. 
was applied, and the tension in the concrete will undoubtedly account for a much 
higher percentage of the dead weight than of the live load. 

Cracks.—V cery careful observations were taken to discover and record all cracks. 
А powerful reading glass was used to aid the eye, and dust was removed bv mcans of 
bellows. It is exceedingly easy not to discover cracks in such a test, and an ordinary 
observer would very likely have been aware of the existence of but few of these cracks 
At a load of 262:5 lb. per sq. ft. a crack was observed at the bulkhead, where two 
davs had elapsed between the pouring of the adjacent floor sections. At 300 Ib. per 
sq. ft. cracks appeared at the other bulkhcads. Suggestions of cracks were also found 
in the centre panel where no bulkhead existed, and over the edge of the capital, 
these being very faint and hard to trace for any distance. The cracks about the 
column head are of interest as indicating the position of the critical section for which 
moments should be figured in analyses. These averaged about two or three inches 
outside the edge of the capital below. At one of the columns the position of the crack 
would seem to indicate that for a single panel loaded the critical section moves 
nearer the support resulting in higher stresses at the centre. This crack and similar 
oncs were very faint, indicating a lower stress in the steel over the support at such 
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Fic. 9, DIAGRAM SHOWING STRESS IN CONCRETE AT EDGE ОЕ CAPITAL. 
points. The cracks shown running diagonally near columns were in all cases 


directly beneath slab rods. Another set of cracks which developed only under the 
maximum load of 350 Ib. per sq. ft. possesses a peculiar significance. These cracks 
ran along the centre of the cross-bands, being easily traced at the centre, growing 
fainter towards the columns, and disappearing entirely in most cases before reaching 
the crack over the edge of the capital. These cracks afford a most satisfactory evidence 
of the presence of °“ slab action," and would be expected to occur if Professor Talbot's 
theory of such action is accepted. These cracks have, we believe, never been observed 
before, probably because other building tests have not been extensive enough to 
develop them to a marked degree, and because cracks have not ordinarily been very 
carefully observed. 
GENERAL CONCLUSIONS. 

The most important result of the test, in the writer’s opinion, lies in the demon- 
stration that well equipped laboratories may undertake such tests with the reason- 
able expectation of securing reliable and useful data. The difficulties to be met 
are not greater than those encountered in experimental work in the laboratory. It 
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is not believed, however, that inexperienced men would be warranted in undertaking 
such a test as the instruments used require the handling of trained observers. 

The test indicates positively that moments are much greater at the support than 
at the centre of the span. 

It indicates, by the position of the cracks, the section for which moments should 
he calculated at the support. 

It also indicates that the stresses at the centre of the span are much lower than 
the computed stresses at this point would lead us to expect. 

It indicates that bulkheads act to increase deflections and stresses. 

The test shows that the design of this particular building is well balanced, and 
that the stresses are safe. It may be that a slightly greater amount of steel could be 
advantageouslv placed over the column head in order to reduce the stress at this 
point somewhat below 16,090 sq. in. and make some additional allowance for irregu- 
larities in the actual execution of the design. It does indicate, however, that serious 
questions may be entertained as to the stresses in many buildings of this type where 
higher percentazes of stecl have been used and very little additional strength provided 
at the support. 

It indicates that the steel at the centre receives its maximum stress for the condition 
of one panel only loaded. 


TABLE I.—SUMMARY OF STRESSES. 


к ———————————————————————————— — ———-—-— 


Design Load, 225 sq. in. Maximum Load, 350 sq. in. 
enims |ы. j DL Total. LL. | рл. Total. 
Steel Over Head : | | 
Diagonal, Maximum  ... 13,800 6,900 20,700 24,200 6,900 31,100 
Band, Average ... iss 11,000 | 5,500 16,500 18,800 5,500 24,300 
Cross, Maximum жы | 20,000 5,000 15,000 18,800 5,000 23,500 
Band, Average ... es 0,000 4,500 13,500 17,200 4,500 21,700 
Steel at Centre : | 
Diagonal, Maximum  ... | 2,400 1,200 3,600 4,800 1,200 6,000 
Band, Average ... ns 2,000 I,000 3,000 4,500 I,000 5.800 
Cross, Maximum eee | 2,800 I,400 4,200 8,000 I,400 9,400 
Band, Average ... isa 2,500 I,300 3,800 6,600 1,300 7,900 
Outer, Maximum -— 4,600 2,300 6,000 10,400 2,300 12,700 
Panels, Average гез 3,800 I,900 5,700 8,000 I,900 9,900 
Concrete at Capital : 
Diagonal, Maximum ... 530 265 795 800 265 1,065 
Direction, Average " 500 250 750 750 250 I,000 
Cross, Maximum vi 500 | 250 750 800 265 1,065. 
Direction, Average ids | 408 | 234 700 | 750 250 1,000 


Concrete stresses based on Е. = 1,875,000 lb. per sq. in. 


J 0 


Digitized by Google 


THE FIRST PRESIDENTIAL ADDRESS. CONCRETE, 


THE FIRST PRESIDENTIAL 
ADDRESS TO THE MEMBERS j/f 
OF THE CONCRETE wih d 


zm 9; 
[^ => 

174.01. M 

ic 9 


We give below Sir Henry Tanner's Presiaentiau Address, which is highly interesting 

in tts reference to the general aspects of concrete and reinforced concrete, and which claims 

the closest possible attention. It was read at a meeting devoted solely to this address and 

was naturally not made the subject of discussion, the remarks of memters teirg limited to a 

vote of thanks, which was proposed and seconded by two of the V:ce-Presidents. The 

attendance was a moderate one, comprising members, Lut no distinguisked visitors were 

present. The view was expressed on several sides that the Presidential Address might 

have teen made the subject of discussion, but we are pleased to note that tke precedence of 

the R.1.B.A. and similar senior Fodies was followed.—ED. 

SIR HENRY TANNER’S ADDRESS. 

THE Concrete Institute has now been in existence some three and a half years, 
and as this is the first presidential address it is a fitting opportunity for review- 
ing the work done during that period. 

As you are aware, it came into being at a luncheon given by Mr. Edwin O. 
Sachs at the Ritz Hotel in July, 1908, and the necessary regulations which had 
been prepared were agreed to, and the Earl of Plymouth was elected first 
President. Mr. Sachs is to be congratulated in so effectively organising a new 
Society. 

Under the regulations referred to the Council felt that they had very little 
power over the proceedings of the Institute, that power really resting with the 
Executive, and eventually the reconstruction of the Institute on similar lines to 
those of other institutions of a like character came about. At the time of the 
change the number of members was 881, which must be considered as quite 
good. It is now about 875. 

Less interest, however, appears to be taken in the papers read and dis- 
cussions thereon than was formerly the case, while it becomes increasingly 
difficult to obtain papers which are at once suitable and of sufficient interest. li 
is desirable, therefore, that the causes which give rise to this state of things 
should be inquired into and remedied. I am aware that this is not the only 
institute which is forced to make similar admissions, but this is a young 
institute, and there should be abundant energy in it. 

These matters have been discussed by your Council, which at its last meet- 
ing appointed a Committee to consider and report how the Institute could best 
be broadened in its scope and interest and in its usefulness to members. 

STRUCTURAL ENGINEERING. 

Concrete and reinforced concrete form parts only of structures; frequently 
there is much steelwork and other materials involved, including heavy timbering, 
either permanent or in false work. 

It is considered, therefore, that structural engineering being so intimately 
connected with our special subject might well be regarded as coming within our 
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purview, and that papers on such matters should be read and discussed. This 
is particularly the case, having regard to the large number of engineering 
members. This can be done without in any way intrenching on the prerogative 
of other societies, as there 15 no institute dealing particularly with such subjects. 

The Committee is empowered to take energetic steps to foster the structural 
engineering side, and thus we see how in future we shall in effect be not onlv a 
Concrete Institute but an Institution of Structural Engineers as well. 

In this connection I cannot but think that membership requires better 
classification and could usefully be re-arranged on the lines of several of the 
engineering societies, and the Committee might well consider the point. There 
might, for instance, be Members, Associate Members, Honorary Members, 
Associates and Students. In the future, also, it may be possible and advisable 
for us to hold an examination in advanced structural engineering, which shall 
in no way intrench upon. the examinations of other bodies, but be supplemental 
thereto. 

Further, I think that much more use might be made of the Transactions. 
Many members and others must be in possession of information which would 
be of the greatest value to their brethren. The Transactions should be issued 
regularly at intervals not exceeding three months. 

Next I wish to draw attention to the small attendance at the meetings. 
We can hardly hope that gentlemen will come forward to read papers, to open 
discussion, etc., unless thev can relv on an audience of a reasonable number of 
people, and, with one or two exceptions, the meetings this year were certainly 
not of that character. 

The Annual Dinner was a success, we obtained the numbers expected, and 
I was supported, among others, by the Presidents of the Institution of Civil 
Engineers, the Royal Sanitary Institute, and the Survevors' Institution. Apart 
from this, the attendances at the Summer Meeting were not altogether 
successful. 


INSTITUTION OF CIVIL ENGINEERS AND REINFORCED CONCRETE. 

I am pleased to be able to say that the Institution of Civil Engineers has 
taken up the subject of reinforced concrete through the Committee which it 
appointed some time ago, and to which my name was added in June of last year, 
and a considerable sum of money has been devoted to experiments which are in 
process of being carried out, and I hope for much advantage from what I may 
regard as the co-operation of that Institution. There is no doubt that experi- 
ments are needed in this country with a view to obtain a consistent and complete 
series based on materials to be obtained here and mixed and tested under similar 
conditions. At the present time we have to rely on experiments in America, 
Germany and France with cement of varying character and local aggregate, 
and it would be of the greatest advantage if these could be repeated in some 
cases at intervals for some years, the improvement in strength being so great. 

THE JOINT COMMITTEE’S REPORT. 

For some time past the Joint Committee appointed bv the Roval Institute 
of British Architects, upon which we are represented, has had under considera- 
tion the revision of its first report, and the revised edition was published several 
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months ago. It is satisfactory to think that this report, so far as it goes, is 
accepted generally as the basis of local regulations for governing buildings of 
this character. These regulations require to be framed in such a way that they 
can be amended in order to keep pace with the acquisition of fuller and more 
complete knowledge, which will no doubt come in due time. The importance 
of being able to do this is shown by its having been necessary for the London 
County Council to obtain an Act of Parliament in order to make such alterations 
and additions to its Building. Act to admit of reinforced concrete being used in 
an adequate way, and so advancing the development of a method of construc- 
tion which has been proceeding in America and on the Continent at a pace 
considerably in advance of this country and at a saving of much money, while 
under suitable conditions it is a far better method of construction to adopt for 
safety, as, for instance, in the case of countries liable to seismic disturbances. 


BUILDING REGULATIONS, ` 

However, with the approval by the Local Government Board of the London 
County Council by-laws, after submission to several societies, including our- 
selves, for observations, it may be expected that there will be a considerable 
extension in the use of reinforced concrete in London, as also in other parts 
of the country. Other cities have also taken steps to admit of such methods 
of construction being used, and it may be hoped that the list may be much 
extended beyond Newquay, which the Local Government Board quoted as being 
the only place the building regulations of which specifically admitted of the 
use of reinforced concrete. Suitable by-laws to this effect remain to be added 
to the model code. 

The preparation of such reports and the adoption of by-laws regulating the 
use of reinforced concrete must tend to standardisation їп design, and this 
must prove good. We have fortunately been fairly free from any serious 
failures in reinforced concrete construction, but experiences in America and on 
the Continent show that there is need for watchfulness. Although most of the 
failures have been attributed to bad construction and the ignorance or careless- 
ness of contractors and their emplovees, cutting in design mav have been а 
contributory cause. 

THE COST OF SCHOOL BUILDINGS. 

The Board of Education appointed a Committee to inquire into the question 
of economy in building and as to whether buildings of a more temporary nature 
could not very well be brought into use. Reinforced concrete came in for its 
share of the discussion, but the estimates of cost varied largely, from 33 per 
cent. less to 10 per cent. more than for ordinary building. It seemed to me 
that witnesses having a more intimate knowledge of the cost of such buildings 
might have been called, while it should be possible to standardise such buildings. 
No difference of locality will account for these variations. А loan period of 
thirty years was referred to, while the usual loan period for schools of ordinary 
construction was stated to be fifty vears. It is impossible to understand the 
difference in treatment. It is very little good encouraging specific proposals 
for the use of novel materials or methods for public elementary schools when 
such differences of treatment prevails, and in effect penalise any new svstem 
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of building, while local by-laws make no special provision proper to the use of 
reinforced concrete. 


LECTURES ON REINFORCED CONCRETE. 

The Council inaugurated a series of lectures of an elementary character 
given by Mr. К. W. Vawdrey during the spring, which were fairlv well 
attended, but we can scarcely hope to effect much good in competition with the 
courses given at the London County Council schools and under the auspices of 
the London and other Universities, which have the advantage of testing 
apparatus, etc., and are generally better equipped. This is a matter worthy of 
the consideration of the Council. 


STANDARD NOTATION. 

The Standing Committees of the Institute have done good service; the new 
notation appears likely to be adopted generally in English-speaking countries, 
and its adoption is now being considered in America with reasonable hopes of 
success. This must be regarded as very satisfactory. We have already inti- 
mated that we shall be happv to co-operate with the American Joint Committee 
in endcavouring to arrive at some common notation for English-speaking 
countries, the basis being that it shall be mnemonic, the symbols coinciding 
with the initials of the chief words in the terminology of the subject. 

Our Committees have also submitted reports on the Standardisation of 
Drawings and the Testing of Concrete, Reinforced Concrete and Materials 
employed therein, both of which are to be discussed at meetings to be held 
early in the ensuing session. 


TENDERS FOR REINFORCED CONCRETE. 

Useful papers have been read before the Institute during the past sessions, 
and among those of last session that read by Mr. К. W. Vawdrey on '' The 
Dissociation of Competitive Designs and Tenders "" 15 one of much interest to 
many. The methods adopted for obtaining tenders are various, but it is seldom 
that tenders including design are asked for in any other branch of building 
than that of reinforced concrete. It is true that as a rule the general scheme 
is laid out by architects, and the reinforced-concrete designer has only to deal 
with the sizes of beams and columns, thicknesses of slabs and their reinforce- 
ment, but even this involves a very large amount of work where repeated bv 
a number of persons or firms, and it has to be remembered that quantities have 
to be prepared by the specialist, one reason being because the drawinys are so 
incomplete that it would be impossible for anyone else to prepare them. In 
the circumstances the quantities must be to some extent conjectural, a most 
objectionable state of things. Such quantities should, of course, be prepared — 
from completed drawings and by an ordinary survevor, as in the case of other 
processes of building, if competition is to be fair and on equal terms. The 
responsibility for their accuracy, however, lies between the specialist and the 
contractor, but the tendency is for any deficiency to be saved in some way, as, 
of course, in the case of keen compctition there can be no margin to provide for 
such contingencies. With the architect’s plans to work on there seems to be 
little opening for much variation when the R.I. B.A. rules have to be applied, 
nevertheless there results very considerable divergence in the amount of the 
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tenders submitted on such conditions, and this would scem to be due partly to 
the ordinary differences in builders' tenders and partlv to the quantities of work 
to be done, of which therc mav be a dozen different sets. This plan avoids the 
selection of a specialist who is probablv interested in some system and more or 
less indefinite patent, but it involves the employment of an expert to check the 
specialist, while the method affords open competition for the design and limited 
competition for the carrying out of the work. From ап architect's and from a 
survevor's point of view the method is not satisfactorv, and it prevents consul- 
tation and co-operation between thc architect and specialist, which, to mv mind, 
is essential to a proper arrangement and to the efficiency of the building and 
the best disposition of materials. Competition for design and construction must 
involve the utmost economy, which may, perhaps, be carried to the verge of 
safety, otherwise there is very little prospect of the work being obtained, with 
the result that the labour involved is almost certainly thrown away. Economy 
in first cost appeals to most people, but there are other points to be considered, 
such as efficiency and the avoidance of unnecessary risks. The specialists, how- 
ever, have the whole matter in their hands, and it is of no use theorising while 
they submit their designs and tenders, or, rather, the builders do so for them 
on the mere chance of obtaining the work. 

Competition in reinforced concrete work has now proceeded to inordinate 
lengths, and it would seem that we have obtained the chief advantage to be 
derived from competition in design, and that steps should be taken to put some 
limit to it. То effect this, designers must be placed more in the position of 
consultants, and not so closely associated with contracting firms as has hitherto 
been the case. The disappearance of patent rovalties and licences will no doubt 
facilitate the change. 

ARCHITECTURAL TREATMENT OF CONCRETE. 

Much is said about the architectural treatment of concrete, and that that 
treatment should be appropriate to the material. "The great desire is to make 
the whole building of reinforced concrete, including the external walls, and 
developing some new method of architectural treatment. There are many 
opportunities for this, as in 1solated structures where various methods of sur- 
face treatment mav be adopted, but in town streets it is doubtful whether anv- 
thing but stone or brick front elevations will satisfy building owners or ground 
landlords. It seems equally logical to apply a stone or brick front to a rein- 
forced-concrete structure as to an ordinary steel-framed and concrete onc. 

FUTURE OF THE INSTITUTE. 

The Institute has a strong Council and an energetic Secretary, who are 
anxious that the Institute should take its proper place in the scientific world. 
In the Press it has been stated that '' the time has now arrived when the serious 
and long-required technical and practical assistance to be expected of an 
institution of this kind should be rendered to those who are entrusted either 
with the design or with the execution of works in concrete and reinforced 
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concrete "' ; and that, “if the Institute in its next few years does sound scientific 
and practical work on the broadest lines . . . its success is assured, and that 
a very large amount of useful work is expected during the impending session, 
while papers are desired of greater technical interest than those presented 
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during the past year." The Council has devoted itself to meeting the wants 
expressed above, and is, to some extent, fullv alive to the necessity of obtaining 
good papers. 

It may be thought that my remarks have a pessimistic tendency, but that 
is not intended, my desire being to urge all our members to take what part they 
can in the work of the Institute for the benefit of all. With the extension of 
our scope to include Structural Engineering in its broad aspect we shall have а 
wider outlook and a future of great usefulness, with a possibility of a consider- 
able increase in membership. 1 therefore conclude with feelings of the most 
optimistic character. 


THE VOTE OF THANKS. 


Mr. Edwin O. Sachs, F.R.S.Ed. (Vice-President), in proposing a vote of 
thanks for Sir Henry Tanner's presidential address, the first address of its kind given 
in the Institution, said he thought the members could congratulate themselves on 
having had such an interesting address, covering a vast field in a most interesting 
manner, and containing a very large amount of useful information and a number of 
very useful hints. 

Generaily.—Sir llenrv, at the close of his address, had suggested that it might 
be regarded as being in a slightly pessimistic vein, but had nevertheless emphasised 
the fact that he looked optimistically into the future. 

He (Mr. Sachs) was personally somewhat of an optimist, and though that little 
child, the Concrete Institute, was now going through its ''children's diseases "' of 
the ** measles "' and °“ scarlet fever," and so on, he was sure, when it had recovered from 
those vouthful ailments, it would grow up to be that strong and important and in- 
fluential individual which many a man, to make the comparison, was to-day who 
had survived a somewhat ©“ delicate childhood. 

Some Successes.— Being an optimist, he liked to dwell on Sir Henry Tanner's 
points which spoke of the recent successes of the Institute. Its greatest success 
during the last two years was, perhaps, its First Annual Dinner. That, at any rate, 
was really a great success for a young institution. It was well managed, it went well, 
the speeches were interesting, and altogether it was a success, and as an institute, 
they must give their very best thanks to Sir Henry Tanner for having personally 
arranged the dinner. If that might be taken as an example of what could be done 
by individual effort, he was sure that, if a great deal of individual effort were placed 
into the working of the Council, they would have numerous successes of that 
description. 

They ought also to congratulate themselves that Sir Henry Tanner had been 
elected on the Institution of Civil Engineers Reinforced Concrete Committee. It was 
an honour to the young Concrete Institute to have so able a representative there, and 
it was a very great step to think that the Institution of Civil Engineers, who in the 
earlier davs of reinforced concrete, say in 1908, ignored the subject, in this year, 1911, 
not only had such a Committee at all and the Concrete Institute's President serving on 
it, but that they were actually represented at the Institute Dinner by their President. 

]t was a matter of congratulation also that this year they had representatives 
on the Joint Committee on. Reinforced Concrete organised by the Royal Institute of 
British Architects; and there, again, they had the pleasure of knowing that their 
President was the Chairman of that Reinforced Concrete Committee, which had done 
such very good work. 

Another point for congratulation was that they made a start with the elementary 
educational lectures of Mr. Vaudrey. They were most able lectures, and deserved far 
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more support; and if similar experiments were repeated he was sure thev would find 
favour. 

The last point which he would mention in the congratulatory vein was that 
the standard notation—rather an obtuse subject—to which they had devoted a coa- 
siderable amount of time, was pleasing their American friends, and thev were at 
least half-way to some understanding as to a notation that was mutual to this side 
of the Atlantic and the other. 

Marking Time.—In the matter of membership, and in certain other directions, 
they had perhaps been marking time, but that did not matter greatly, because they had 
been going rather fast in certain directions. It was very seldom that an institute 
which was not two years old, as was the case when he (Mr. Sachs) ceased-to actively 
conduct its affairs in 1909— was mentioned in an Act of Parliament as an authority 
to be referred to on questions of regulations. The Concrete Institute had already 
in 1909 secured a standard which was quite that of many an older institution, and 
marking time was not necessarily an evil. There had been some administrative 
changes to make, and those administrative changes took time. Nothing better, how- 
ever, could be said than what Sir Henry Tanner said in the latter part of his address, 
that, now the administrative changes had been completed, thev should get to work, 
and do still more and better service for the science of concrete in the future. He (Mr. 
Sachs) hoped that advice would be followed. 

Inadvisability of Changes.— Personally, he would refrain, concluded Mr. Sachs, 
from touching on the question of the inclusion of structural engineering in the 
subjects to be dealt with by the Institute. He had views on the matter, but they 
were not suitable for the meeting of that particular night, and the only thing he 
wished to say emphatically was that, having devoted such a considerable time to 
administrative changes, he hoped the coming year of the Institute would be mainly 
devoted to constructive and effective work, rather than to any further timestaking 
reorganisation of their constitution. 

They had to congratulate themselves on having Sir Henry Tanner as President. 
They had also to thank him for his very ab‘e presidential address, and no better 
recognition could be given than by according him a very hearty vote of thanks, and 
wishing him a most successful vear of office. 

Mr. Alexander Ross, M.Inst.C.E. (Vice-President), in seconding the vote 
of thanks, said Sir Henry had done a great deal for the Institute, and had nursed it 
from the first, and had never failed them, or in any way been afraid of carrying out 
work and labour towards its progress. 

Generally. — The Institute had, as a matter of fact, made decided progress since 
its initiation. It was comparatively new, and, as had been said, very few institutions 
at the same age stood so well before the public and before the profession. 

Caution as to Changes.— lhat being so, they must be very careful before bring- 
ing about any revolutionary changes in its constitution or objects. Once it was over- 
whelmingly decided that changes were undoubtedly right, then, of course, thev might 
be made, but they should be very certain that they were on the right lines before 
moving. 

Sir Henry had necessarily spoken rather in a minor key. The membership had 
not gone up so rapidly of late as it ought to have done, and the meetings had not 
been so well attended as they might have been, but there was one great essential 
fact: many of the papers had been very good. 

Meetings and Discussions.—It had always struck him that possibly the endeavour 
to listen to an excellent paper and discuss it all in one night was more than they 
ought to expect. Probably it might be an improvement to fix the length of the 
meeting, and carry on discussions as other societies did night after night until the 
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subject had been thoroughly exhausted. Such a course secured that the meeting should 
not become tedious in any way, and everyone knew exactly when to close; and then 
there was the other advantage, that a period of a week or more intervened in which 
ihose who took an interest in the subject could look it up and come next night 
prepared to give a thoroughly good account of themselves in discussing it. 

Nothing could be said on the address except in its favour and in praise of it, and 
he had much pleasure in seconding the motion for a hearty vote of thanks to the 
President. 

Mr. Sacns then put the motion to the meeting, and it was carried amid loud 
applause. 

The President (Sir Henry Tanner, C.B.).in returning thanks for the vote, said he 
feared his remarks had been rather short, but perhaps they had some pith in them. 
At all events, he was very anxious that the whole of the members of the Institute 
should see where they were, and understand really where improvement was wanted. 
He hoped what he had said might produce better meetings, which would be more 
satisfactory to the people who delivered lectures. 

It was announced that the next ordinary meeting would be held on December 14th, 
when G. C. Workman would give a paper on “ Some Recent Works in Reinforced 
Concrete.” 
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SOME EXAMPLES OF 
CONCRETE WORK IN 
CANADA. 


We are very pleased to note the rapid strides which reinforced concrete is making in 
Canada, and in this article we are describing several structures erected there of this material, 
and hope, at a later date, to give further examples. —ED. 


DRY DOCK CONSTRUCTION AT PORT ARTHUR, ONTARIO. 

GnEAT Lake shipping on the Canadian side has long been hampered by the lack of 
dry dock accommodation at the head of Lake Superior. This condition, with the 
opening of the new dry dock just completed for the Western Огу Dock and Ship- 
building Company, will cease to exist, and an impetus will be given to the building 
of vessels and to its allied industries. The new dock is capable of holding the largest 
vessels on the lakes, it being 7oo ft. long, and having a clear span at the portal of 
77 ft. 6 in., with 21 ft. of water from the sills. It is constructed throughout of concrete 
and steel and rests upon a rock foundation. 

To cut off the water completely during construction a cofferdam 900 ft. long was 
built in the shape of a horseshoe, surrounding the site on three sides. 
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Dry Dock at PORT ARTHt к, ONTARIO. 
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Two pile drivers were employed, and these, working in opposiie directions from 

the portal end, drove round piles in two parallel rows, goo ft. long, forming an en- 
ciosure around the 

к portal end зоо ft. 
wide. These piles, 
spaced 3 ft. cen- 
tres, formed an 
outer and inner 
fence for the 6 in. 
х IO in. and 2 in. 
x IO in. sheet 
piling, which was 
afterwards driven 
to rock. Waling 
strips 8 in. x 12 
in. were used for 
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the sheet piling, 
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and round pile 
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wales were used 
for the outside. 
Steel tie rods were 


placed across the 
cofferdam every 
= t On top of 
the round piling 
and sheet piling a 
framing was con- 
structed of 8 in. x 
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12 in. timbers, on 
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which a tempor- 


ary dinkey track 
was laid. As fast 
as the sheet piling 
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filling was carried 
out by means of 
trains of dump 
cars operated bv 
dinkey engines. 
The resulting 
cofferdam was a 
very stable struc- 
ture. 

The speed 
with which the 
concrete work 


was done was due 


to the organisa- 
tion of the work- 
ing forces and the efficient arrangement of the plant. Placing concreie was so 
simplified that from the dredging to the final pouring the work was continuous. Scows 
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View showing Work in Progress. 


Dry Dock AT Port ARTHUR, ONTARIO. 


(CONCRETE) 


of 1,000 vards capacity, 
filled with derricks and 
clam shells, dredged 
sand and gravel from 
Lake Superior, sixty 
miles from the vicinity 
of the work, and un- 
loaded it at the portal 
face upon the coffer- 
dam. Two hoppers 
placed over а 24-in. 
conveyor belt, electri- 
cally driven, received 
the materials and alter- 
nately fed the belt 
which led to the mixer 
tower. Here were two 
receiving hoppers for 
sand and gravel, and 
below were two charg- 
ing hoppers. These 
received the proper 
quantities of sand, 
gravel, and cement for 
separate batches of 
concrete and the 
whole was run into 
one of the two mixers 
below. А new charge 
was immediately pre- 
pared, and this in turn 
run into the second 
mixer. ln this way, it 
was possible to have 
the plant working to 
its full capacity with- 
out intermission. The 
concrete after being 
mixed was elevated to 
cars above by a Ran- 
some bucket hoist. 
These сав; Uy 
shaped, of one yard 
capacity, ran along the 
top of the dock wall 
forms, and the con- 
crete was poured 
directly into the forms. 
By this system as 
much as 1,000 yards of 
concrete were placed 
by two shifts in one 
24-hour day. 
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The forms for the side walls were made in small sections for convenience in 
handling. Each section was 5 ft. wide and extended the full height of the wall. 
Seven of these were placed together and bulkheads were attached at each end. In 
this way a section of the wall 36 ft. long could be poured, making a huge monolithic 
block. Alternate 36-ft. lengths were first built, and when the concrete had finally 
set the intermediate sections were poured. An expansion joint was formed for every 
36 ft. of length, and so cracking was obviated. 

The dock proper is 85 ft. 4 in. wide at the floor level and 98 ft. 8 in. at the top of 
the walls. It is 7oo ft. long, and a further length of 28 ft. 6 in. within the portal 
may be utilised. Spaced every 18 ft. in the side walls are three altar steps, designed 
to hold lateral bracing when a veesel is in the dock. 

The floor is solid concrete from 2 to 4 ft. thick, sloping towards a central drain, 
which terminates in a rudder well at the portal end. From the rudder well a drain 
protected by an iron grating gives access to the pumping well, situated in the west 
portal pier. With a view to future extension this drain was duplicated on the opposite 
side of the pumping well, so that when a second dry dock is built parallel to the 
present basin one pumping outfit will serve for both. 

The portal walls are solid masses of concrete faced with concrete of a 1:3: 5 mix- 
ture, which is also used in the side walls. The outside corners are curved and protected 
from injury by steel plates, firmly attached by means of steel angle anchors embedded 
in the concrete. The portal jambs and sills are faced with steel. Angles 6 x 6 x 2in., 
firmly fastened to the concrete floor by 3 x 3 x } in. angles, 4 ft. long, spaced every 
2 ft., form a connection for the 16 x 1 in. plate against which a heavy steel gate rests. 
Strong lateral anchors embedded in the portal piers hold the jambs in position. Great 
care was exercised in placing this steel framework to obtain a truly vertical and 
longitudinal alignment. 

A feature of interest is the construction and arrangement of the bilge and keel 
blocks with their attachments. The slides upon which the bilge blocks move, spaced 
12 ft. apart on each side of the dock, are made of 3 x 14 in. white oak timbers 
bolted every 2 ft. Split anchor bolts, ł x 18 in., fasten them securely to a concrete 
base, and the nuts are counter-sunk, leaving a smooth upper surface, on which the 
bilge blocks slide. These are 4 ft. 6 in. in height, of 12 x 12 in. Oregon fir timbers. 
They are drift bolted together at the ends, and are furnished with slide irons and 
wooden slide blocks clamping them to the slides. 

Two hauling chains are attached to each block bv means of '' U ’ bolts, and 
two fair leaders are attached to the dock wall, one at the lower angle and the other 
near the top. The keel blocks, constructed of 12 x 12 in. white oak timbers, bolted 
together with І x 20 in. lag screws, rest on a 12 x 14 in. white oak timber set in 
the concrete floor, and fastened thereto with 24-in. expansion bolts. These are spaced 
6 ft. apart and extend from the rudder well to within i2 ft. of the shore end of the 
dock. 

Five-ft. concrete sidewalks run the full length at each side, and four reinforced 
concrete stairways lead from their ends to the top of the dock walls. 

The contractors for the work were the Canadian Stewart Company, Limited, 
and it was carried out under the direction of Wm. R. Sinks, manager, and R. H. 
Folwell, engineer for that companv. 


A LARGE REINFORCED CONCRETE BRIDGE AT PETERBOROUGH, 
ONTARIO. 


Tuts structure, known as the Inverlea Bridge, consists of three arched spans of 
reinforced concrete, 100 ft. centre to centre, or 94 ft. clear, with abutments reaching 
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well into the river banks on both sides and beyond the shore lines, making a total 


length of structure of 385 ft. 
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View in Course of Construction. 


REINYORCKD CONCRETE BRIDGE AT Pk TEKBOROUGH, ONTARIO. 
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The arches were designed to sustain a maximum live load represented by a 


The concrete 
thick at top, 
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15-ton road-roller. Тһе 
clear width between 
railings is 31 ft., side- 
walk 5 ft. wide on south 
side, a space to ft. wide 
for single track street 
car line on north side, 
and 16 ft. roadway 
between. The centre line 
of the bridge makes an 
angle of 72 degrees with 
the channel of the river. 
The intrados of arch is a 
two-centre curve of 3 ft. 
9 in., 120 ft. radii, and a 
rise of 12 ft. The extra- 
dos is a segment of a 
circle of 170 ft. radius. 
The arches have a radial 
thickness of 22 in. at 
crown to 48 in. at the 
point of lesser radius, 
45 ft. from crown. 

The footings of abut- 
ments and wing walls 
are carried up to 3 ft. 
below normal level of 
water, and those of 
channel piers to s ft. 
The width of footings of 
the wing walls is s ft. 
3 in., of the abutments 
12 ft., and of the piers 
9 ft. 8 in. 

The piers above foot- 
ings are battered 1 in 8 
to 6 ft. wide at top, with 
belt course extending 
3 in.; bull-nosed ends 
protected with  s-16-in. 
plate iron. 

The concrete in span- 
drel walls is composed 
of one part cement to 
seven parts gravel and 
stone. "They are 18 in. 
thick at top, battered 
inside т in 4 and panel- 
led outside 2 in. deep. 


. . Я o. FP T Ж citi as SD; ndrels They are 18 in. 
in wing walls is of the same composition as spa . , 


increasing by 9-in. steps at every 3 ft. vertically. 
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The handrail is composed of concrete one part cement to six parts gravel and 
sand. The part over arches is a balustrade of 6 x 8 in. balusters, with 6-in. spaces. 
That along the wing walls is solid, 8 in. thick. The base of railing is 16 in. wide by 
15 in. deep. The cap is 12 by 8 in. The rail is terminated at outer ends of wing 
walls with posts 18 x 18 in. 

All concrete above water was mixed and run as liquid as practicable to ensure 
filling. Expansion joints, tongue and groove, were made in spandrel walls and railings 
over each arch. 

The reinforcing adopted throughout the structure consists of the Kahn System, 
manufactured by the Trussed Concrete Steel Company of Canada, Limited. 

The bridge was designed by Mr. T. A. S. Hay, City Engineer, of Peterborough, 
and our particulars are taken from an article contributed by him to the Contract 
Record. 


THE CHAUDIERE DAM, OTTAWA, ONTARIO. 


THE great Chaudière Dam was built, at a cost of $225,000 (£45,000), by the power 
owners of the Ontario and Quebec sides of the Ottawa river. It is of steel and 
concrete construction, and is of the pier and sluice type. There are 49 piers and two 
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View showing Reinforcement for Piers. 


THE CHAUDIERE DAM, OTTAWA, ONTARIO. 


abutments, the piers being 22 ft. high and 39 ft. 5 in. long. The following description 
of the construction appeared in our contemporary, The Canadian Engineer: 

The piers, the most important feature of the whole structure, were 39 ft. 5 in. 
long at the base and battered to give a 23 ft. 53 in. bridge floor support at elevation 
57°75. They had a clear height from stop-log sill to bridge floor of 22°00 ft. Their 
cross sections at base were modified ellipses, as the ellipse, according to tests in 
Europe, affords the least obstruction to flowing water. In order that апу debris 
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View of a Portion of the Dam in Course of Construction. 


THE 


CHAUDIERE Dam, OTTAWA, ONTARIO. 


which might pass 
the noses of two 
piers might not 
wedge between 
their downstream 
ends, owing to the 
convergence by 
their radial set- 
ting, the piers 
were made 4 ft. 
wide at the nose 
or upstream end, 
iapered to 2 ft. at 
the tail or down- 
stream end. This 
gives, between 
piers, 22 ft. of a 
clear — sluice-way 
at the upstream 
entrance and 22 
ft. 5% in. at the 
downstream exit. 

In designing 
the piers, water at 
elevation 52°00 
and causing a 
pressure of 100 
tons acting at 
elevation 42°00 
was used in con- 
junction with an 
ice pressure of 
200 tons acting at 
elevation — 50'00. 
To counterbalance 
the effect of this 
turning moment 
an anchorage of 
rock bolts capa- 
ble of developing 
a stress of 200 
tons was placed 
in the front sec- 
don. 

These piers 
were founded on 
the solid Trenton 
limestone bed- 
rock. Where 
fissures or cracks 
occurred a cut-off 
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trench of 1:3:6 concrete was put in. This same mixture (1 23:6) Was 
used in the foundations, while above elevation 3700 in the piers and bridge 
floor 1: 2:4 concrete was the order; 13-in. round anchors (21 to the pier) were 
securely grouted into the solid rock. These were set in pairs, having their upper 
ends secured by nuts and washers over two s-in. channels at 6°50 1b., which rested 
on four 4-in. channels at 5°25 lb., two on each side of the pier. These 4-in. channels 
were placed with lower flanges at elevation 35°30 and ran the length of the pier. 
А space between each pair of channels allowed the vertical reinforcement to pass 
from the under side where the upset ends of the rods were secured by nuts and 
washers to the channels, through and up with centres 6 in. from outside of pier to 
beneath the nosing plate and bridge floor, where the rods were bent in a semi- 
circle, and came down to be secured underneath the pair of channels on the opposite 
side of the pier. In the upstream portion, or that above the stop-log posts, the vertical 
rods were 14-іп. round at 6-in. centres, while below the posts, or downstream, thev 
were j-in. round at 9-іп. centres. Running outside of these upright rods were 
&-in. horizontal round rods spaced at 16-in. centres and wired to the vertical members. 
There were also nine j-in. rods in the rounded ends of the nose, which were bent up 
parallel to the latter; a like number of $-in. reds were used in the downstream ends. 
These rods were set in the foundation matrix and not connected. with the system of 
anchors. Above elevation 46°00 j-in. rods, 21 ft. long, in sets of three were put in 
horizontally to bind the upstream and downstream portions together. 

To protect the concrete on the face of the upstream batter from the pounding 
of ice or logs, $-in. rounded nose plates 11 ft. 74 in. long were securely anchored to 
the concrete backing. 

With the 1:2: 4 concrete surrounding the steel reinforcement, the pier became a 
permanent structure securely bound to the solid bed-rock on which it rested. 

An additional rigidity was imparted by the reinforced concrete bridge floor, which 
united the tops of the piers. This floor was 23 ft. 53 in. wide and 15 in. deep. It 
was reinforced by 3-in. straight round rods at 6in. centres on the bottom and by 
)-in. rods on top at б-п. centres. The web reinforcement consisted of J-in. stirrups 
wired at right angles to the main reinforcement in the top and bottom tension 
members. The floor was divided into two parts bv the stop-log opening. 
which was 4 ft. 5 in. wide. This opening was divided in the centre into 
two parts by two 1i2-in. channels at 20:5 lb., separated by bolts and piping. 
This left 19 in. for cach stop-log wav. The two sides consisted of a 3 x 3 
x 7-16 angle on a т2-іп. channel at 20:5 lb. anchored to the floor slabs. The 
angles were so placed as to form checks for a wooden covering of the opening. The 
upstream portion of floor carried the winch rail, poles for winch wire, etc., while 
the downstream carried the other winch rail and two skids (at 16 ft. centres), which 
supported the stop-logs when not in use. The winch rails consisted of a z-in. bar on 
upstream rail and $-in. on downstream rail, curved to proper radius, and riveted to a 
74 x 7i-in. H beam. The top flooring consisted of 1 in. of 1:2 cement mortar. 
Expansion joints of tar paper, lead, and asphalt were laid every fifth pier. 

The concrete in the central section of piers was poured in zero weather, and 
special precautions were taken to ensure а good quality of work. The sand used in 
the concrete was heated by blowing steam through it, and the mixer was fed by a 
steam jet, which thoroughly heated the mix. This was poured into the pier forms, 
which had previouslv been saturated. with live steam for 24 hours. The steam was 
kept on under the tarpaulins for another 12 hours, and then sawdust and manure were 
packed on the top of the moulds. The forms were left on till the following summer. 

The engineers for this work were Mr. Wm. Kennedy, Junr., of Montreal, who 


prepared the designs and plans, and Mr. J. B. McRae, of Ottawa. 
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REINFORCED CONCRETE TANKS FOR STORING GASOLINE, TORONTO. 
FOUR reinforced concrete tanks for the storage of gasoline have recently been com- 
pleted for the Queen City Oil Company at West Toronto. 

On account of certain city regulations these tanks were placed below ground 
and completely backfilled on top. Owing to confined space, the tanks were built 
reciangular in form (each tank 21 ft. 6 in. x 38 ft. long x 9 ft. 6 in. high), having 
total exterior dimensions of 94 ft. x 4o ft. x 6 ft. The tanks are to be filled by 
gravity from tank cars and used for the distribution of gasoline in West Toronto. 

Work was started by excavating to just above the water level in the soil. This 
excavation was taken out by scraper teams, the final trimming being done by benching 
out. А concrete mat was deposited all over the bottom of the excavation, and on 
this were built four tanks side by side, but independent one of the other. А tile 


View of tanks in course of construction. 


REINFORCED CONCRETE TANKS FOR STORING GASOLINE, TORONTO. 


drain surrounded by broken stone was placed around at the bottom and on the outside 
of the walls. This drained into two sumps, one on each side at the centre of the 
four tanks. Square reinforcing steel was used throughout, and the concrete was of a 
rich, dense mixture. The walis and floor were poured continuously, so as to do away 
with any bonding of old and new concrete, the gang working as late into the night 
AS Was necessary to complete each tank. 

To economise time the forms of two tanks were set up at one time, and after 
these had been poured and the concrete sufficiently set the forms were stripped off 
and set up again for the remaining two. After the walls had hardened sufficiently the 
roof and its supporting columns were placed and the slab poured. Two manholes 
were left in the roof of each of the tanks. These are to be used for the intake and 
discharge pipes, and also for the ‘cleaning out of the tanks. At the completion of 
the work a water test under a maximum head was made on each tank. ‘These tests 
showed the tanks to be perfectly tight. 

The above tanks were designed and built for the Queen City Oil Company by 
the Foundation Company, Limited, Bank of Ottawa Building, Montreal. 
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HOW TO FIND THE MAXIMUM 


DEFLECTION FOR A UNIFORMLY | 

LOADED BEAM FIXED AT ONE | 

END AND SUPPORTED AT THE 
OTHER. 


Ву Н. KRUSE, M.Iast.C. E.Cop:nhagen. 


m —— M— 


In our last issue we published an article entitled ** A Protlem іп Deflection of Beams,’’ 
in which Mr. Ewart S. Andrews, B.Sc., gave a method of find ng ** the maximum deflection 
for a untformly-loaded beam fixed at one end and supported at the other.’’ Mr. Н. Kruse 
now asks us to pullish his method of solving this problem, which we giz e below.—ED. 


IN the following the writer endeavours to solve this problem without the use of 
infinitesimal calculus and bv a method that may be applied generally for anv case of 


loading and support. The method is based on the following well-known maxims :— 
1. The deflection of a beam is found as the bending moment in an imaginary 


beam of same span, simply supported at the ends and loaded with т. M being the 


bending mo.nent diagram for the original beam. 

2. The bending moment in a simp:y supported beam is maximum at the section 
where the shearing force is O. 

Considering the beam in question, the bending moment diagram, repre- 


FIG. 1. FiG.2. 


sented by the shaded area in Fig. 1 is equal to the difference between the two 
areas 1 BE D C and A4 BG D J. We can now consider the imaginary beam 
loaded first with the one area (sec 
Fig. 2), and then with the other arca 
(see Fig. 3), acting in opposite direction 
to the first, and then find the shearing 
forces s and S in each case, in a seciion 
at distance x from B. 

As the maximum berdirg moment 
in the imaginary beam repre:ents the 
deflection, this will be maximum where 
ihe difference between S and s is 
o, or for S—s=o (according to maxi- 
"num 2). 


CSET A PROBLEM IN DEFLECTIONS. 


Ist CASE (see Fig. 2). 
3 


°71 
The total load on the beam is k= the reaction at B is A , and consequently 
the shearing force at H is s= CY (3) 


rl? 
The equation for the parabola is: y= we , and substituting this value for y in (3) 


2l 
-ws owe 
24 6! 


we get: s 


2ND CASE (see Fig. 3). 


The total load on the beam is A DM. the reaction at B is = and consequently 


M Li 
the shezring force at H is S— VE CL (4) 
16 2 
3IVx 


We see from Fig. 3: у= л and substituting this value for y in (4) we get: 


А Wi! 3We? WP Wy 
ТС i6 By taking 5 —s = о we get ЕТ 16 2 + él =o, or 
8 — Ql" + "=o, (5) 
and solving this equation for x and leaving out inadmissible values, х= 0'4215/. 
Having found the lccation of the maximum deflection, we now proceed іп a sim'lar 
п.аппег to find the size of it by taking the bending moments in each case of the 


iinaginary beam. 
Ist Cask (sce Fig. 2). 
Wee хрх WO ул? OW 
— ar — —7 ,oras y= 
24 3ч 24 12 21 

Y » 4 I. 

n =! l ee M А -Wx ({#— х") 
24 24| 241 


Bending шот: at H is m= 


2ND СА$Е (see Fig. 3). 


Bending moment at H is Mall Ux xys Wir yv 311 * 


ML ~—,or as p=" 
16 2 3 16 U А 8 
JE „з , 
м П Wa OW sus 
16 16 16 
The t: tal bending moinent on the imaginary bca п at H is then: 
Wes» n We Wx š 
D=M-m= Г—х')— - 7 (Ba) l (2x8 -— ЗАР (6) 
uar Lance c nce ee 
The deflection of a point of the beam at dis'ance x fr. m B i» then: d= MET 
putting x — 4215/ we get : 
_ 7 421507 WP 


d (2x'07488 — 3471777 - 1)! = -2- х`6167 = 


48E 1 48 1845E 1 
equal to maximum deflection. 
The poiut where the maximum deflection occurs may also be found from equation 6 
by meus of calculus in the following way: 
By differentiation of (6) and leaving out the constants we get 
i = 416%" — 6/4) + 2x3 — Ix! + ° = 8x* — 91х?*+ 1°, 


d y = 


aidas D is maximum for o the poi t of maximum deflection. is decided by 


dx 
8i — 9117 P o, which equation is seen to be identical with (5). 
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j RECENT VIEWS ON 
CONCRETE AND REIN- 


FORCED CONCRETE. 


AN SOME PAPERS & DISCUSSIONS. 


It is our intention to publish the Papers and Discussions presen'ed before Technical 
Societies on matters relating to Concrete and Reinforced Concrete in a concise form, and 
in such a manner as to be easily available for reference purposes. 


The method we are adopting, of dividing the subjects into sections, is, we believe, a 
new departure. — ED. 


THE INSTITUTE OF CHEMISTRY. 


CEMENT. 
By Mr. BERTRAM BLOUNT, F.I.C. 


The Council of the Institute of Chemistry have inaugurated a series of lectures, the 
first of which was delivered by Mr. Beriram Blount, F.I.C., at King's College on 
Thursday, October 26th. A second lecture on Cement was given by Mr. Blount on 
December ist. 


IN the unavoidable absence of the President, Dr. Beilby, the chair was taken by 
Professor J. Millar Thomson, LL.D., F.R.S., who opened the proceedings with a 
reference to the scheme of lectures, which, he said, was an extension of the work of 
the Institute on lines mainly directed to benefit advanced students of chemistry. Its 
aim would be to indicate the scope and object of the work actually carried out in 
various branches of professional chemical practice, as distinct from academic training; 
while occasionally the lectures would deal with matters of forensic and ethical 
interest. Except for one or two lectures delivered in its early history, the Institute 
had not assumed in апу wav the functions of a teaching body, though the Charter 
provided for such functions. The relations between teachers of chemistry and other 
professional chemists had been made closer in recent years, mainly owing to the high 
standard of scientific ability attained by so many who devoted themselves to the 
chemistry of everyday life and of industrial processes. The Council thought it would 
be a good thing if younger chemists were brought into touch with the actual practi- 
tioners, as men whose experience had revealed the directions for future developments. 

Professor Thomson then welcomed the Institute to King's College, and called 
upon Mr. Blount to deliver his lecture, the first of two, on °°“ Cement.” 

Abstract of Mr. Blount's Paper. [he lecturer limited his discourse to the 
consideration of calcareous cements as being of predominant importance, and more 
particularly to the Portland cement industry, the size of which may be judged by the 
fact that the world's production is estimated at 25,000,000 tons per annum, valued 
roughtly at £ 35,000,000. The industry is essentially a chemical one, and, in th 


interests of both manufacturer and consumer, is, and should be, controlled by the 
chemist. 


The earliest form of calcareous cement is probably calcium sulphate sufficientiv 
dehydrated to form plaster of Paris. Its disadvantages lie in its lack of plasticity and 
its liability to attack by water. On the other hand, calcareous cements, properly so- 
called, while being plastic, are capable of hardening and are resistant to water. The 
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common fallacy, that the setting of lime mortar is due to the action of lime on the 
sand with which it is mixed, was once more exploded by the lecturer. It has long 
been known that some siliceous materials have an advantage over others as aggregates 
for mortar. These are known generally as ''pozzolanas," and their usefulness 
depends on the fact that they contain hydrated silica or attackable silicates which 
interact with lime and form compounds more or less resistant to the action of water. 
Similarly, it has been known that some limestones are better than others in pro- 
viding strong and resistant lime for mortar. There seems to be no record that lime- 
stones were deliberately and intelligently chosen for the hydraulic quality of the lime 
which they furnished until the time of Smeaton, who, in considering with what 
material he should build the Eddystone Lighthouse, ascertained that Aberthaw lime- 
stone was undoubtedly hydraulic, and desiring to know why, applied to Mr. Cook- 
worthy, a chemist of the period, whose office as consultant was creditabiv fulfilled. 
It was found that those limestones which were most hydraulic contained the largest 
proportion of argillaceous material. But not content with this, he reasoned that 
this quality might be improved by the addition of what was then known io be 
capable of conferring hydraulic properties on ordinary lime, and, ассогди у, used 
trass, a pozzolanic material. 

From the subject of hydraulic limes the kcturer went on to discuss the manu- 
faciure of so-called '* Roman Cement," a crude form of Portland cement made bv 
burning lumps of clavey limestone. The foundations were thus being laid of one 
of the largest chemical industries in the world. Starting with the notion of imitating 
Roman cement, the progenitors of the Portland cement industry arrived at the idea 
that when chalk and clay were mixed and burned an hydraulic material was produced 
which, when ground, would set and form a sirong, sound cement. The function of 
the chemist who concerns himself with this industry was dealt with at some length. 
When a new works is to be started, there has to be considered the nature and available 
quantity of the raw materials, the accessibility of a supp:v of fuel, the suitability of the 
proposed site, the choice of process, and thc appropriate plant, and such matters of 
transport, supply of labour, and probable markets, which go far to determine the 
commercial success of any undertaking. The function of the chemist continues after the 
works are started, and on him depends the smooth control of the quality of the cement 
produced. 


THE BOSTON SOCIETY OF CIVIL ENGINEERS. 


A NEW THEORY FOR THE DESIGN OF REINFORCED 
CONCRETE RESERVOIRS. 


By Mr. HIRAM В. ANDREWS. 


Below we give an abstract of a paper on “ А New Theory for the design of Reinforced 
Concrete Reservoirs,” which was read by Mr. Н. B. Andrews before the Boston Society 
of Civil Engineers some time ago, and which was published in the “ Journal of the 
Association of Engineering Societies ” of America. 

Tue theory which the writer is exploiting is derived bv a process of evolution in tke 
construction of several reservoirs in the past five vears in which the writer has been 
directly interested either from an engineering or contracting standpoint or both. 

As there is a tendency for the diameter of a reservoir io increase after it is filed 
with water, due to the elasticitv of the steel in tension, and as the base of the reservoir 
is practically rigid, due to its intimate contact with the foundation upon which it rests, 
it has been deemed necessary to install some reinforcing material extending from the 
base up into the walls to take care of the bending moment and shear at the base. The 
writer does not know, nor has he been able to find any exact method of obtaining, 
the amount of steel required here, but he thinks that in most cases heretofore it has 
been underestimated. В 

As the several operations of building up forms, placing steel and concrete preclude 
making the concrete work continuous, it is advisable to make as short intervals as pos- 
sible between successive layers of concrete, and where these joints occur to bond together 
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the successive layers in the best possible manner. These instructions as outlined were 
followed out in the construction of the reservoirs at Waltham, Manchesier and Lisbon 
Falls, designed by the author, except that the two latter reservoirs were made with a 
1: 14:3 mixture of concrete plus 5 per cent. hydrated lime. For the Manchester 
reservoir the thickness of the wall at the base is 20 in., and at the top 12 in. "Ihe 
steel is designed for a unit working stress of 12,000 lb. per sq. in. when the reservoir 
is fuil of water. At the base are installed rods which are embedded in the floor and 
turned up into the walls. These rods are 1 in. in diameter and are laid 12 in. on centres 
and extead into the wall about 4 ft. 6 in. The floor was finished with 1 in. grano- 
lithic, and the wails were plastered with two coats, making about 1 in. in thickness 
of 1:1 cement mortar. But after the filling of the reservoir various features were 
орус which showed that some improvement might be made in the design of future 
work. 

We emphasise this word, ''design," as the workmanship on this reservoir 
was done with the utmost care and the material was of the best quality, and we do 
not see where it could be materially improved in this respect. 

There developed at several of the horizontal joints— and especially at the chree 
lower joints-—between day's works, some seepage of water, which in three paces 
increased to positive leaks. The seepage, however, at the upper joints groducaliv 
stopped, presumably due to the filling of the pores by hydrated lime. We ai first 
saw no reason whv anv leakage should develop. We had supposed that the concrete 
was rich enough, that the inside coating of 1: 1 plaster, put on in such a manner as 
to make a double lap over the joints, and the care taken in grooving and grouting the 
joints between day’s works, were sufficient to make the reservoir absoiucely tight, and 
when we found that a little leakage did occur after taking all these precautions, we 

naturally began an investigation to determine the reason or reasons therefor, and 
to obtain for future work some protection against it. Upon examination of the 
reservoir after it was emptied, we found that there were horizontal cracks at the 
joints mentioned, about 30 ft. long and extending through the wall, aiso that there 
were vertical cracks in the plastering extending upward for 20 ft. or so, and futher- 
more, that there were checks in the plastering irom which the water oozed back inio 
the reservoir after it was emptied. 

From these observations we made the following deductions: That there was not 
enough vertical steel properly distributed to fully distribute the bending moment and 
shearing stress between the rigid base and the walls, and that the lack of this 
probably was the cause of the horizontal cracks; second, that the ultimaie strength 
of the concrete was probably exceeded when the reservoir was filled with waier, thus 
producing the vertical cracks, and that these vertical cracks allowed the water to 
permeate into the walls and through them to the lines of least resistance, which 
would be the horizontal joints; third, that the addition of a rich plaster coat with a 
more or less permeable concreie back of it was useless, as the usual crazing and the 
vertical cracking which would occur due to the tension would a'so allow the percolation 
of water through it. 

This second deduction is the basis of this paper. From tests which have been 
made on concrete beams it has been found that microscopic cracks have developed in 
the concrete on the tension side when the steel reinforcement was stressed. to 4,000 
or 5,000 lb. per sq. in., or perhaps less; that these cracks gradually widened until 
they were finally visible. It is presum: ible that these cracks began w hen the ultimate 
strength of the concrete in tension was reached, and at a time that the unit stress 
in the steel was approximately ten times that in the concrete. These microscopic 
cracks were made visible bv the application of water, and water-lines following them 
could be seen. If these cracks developed in beams when the stress in the steel was 
only 5.000 lb. or thereabouts, sufficient to admit water, why should they not develop 
in reservoir walls when the steel was stressed to the same point? And furthermore, 
if the walls were made so thin that they took little of the tensile stress, it being a'l 
thrown in the steel at 12,000 or 16,000 lb. per sq. in. or at any intermediate working 
value between these, why should not vertical cracks show in the walls and permit 
water to seep into the walls? 

One of the first requisitions in a concrete reservoir is to make it water-tight. The 
writer did not see how he could be sure that it would be water-tight if he so designed 


952 


ww, 


Bc CONSTRUCTIGNA REINFORCED CONCRETE RESERVOIRS 


it; that the cracks in the concrete were predetermined. The only remedv seemed to 
be to make the walls so thick, and of such a composition, that their tensile strength 
would never be exceeded. 

Having this in mind when we came to the design of the reservoir for Rockland, 
Mass., and after consultation wiih Mr. J. R. Worcester and Mr. Sanford E. Thompson 
to obtain their ideas and approval of an innovation in the consiruction, we decided to 
use an especially rich mixture of concrete, a thickness of wall which would insure 
that the ultimate tensile strength of the concrete would not be reached when the 
reservoir was filled, to use an increased amount of vertical reinforcement especially 
between the base and the walls, and to install a steel dam at each horizontal joint 
between each day's work to prevent any direct seepage of water through the joint, 
provided it entered it. The hydrated lime was omitted, as we considered the proposed 
density of the concrete did not require it for unpermeabilitv, and also that where it 
had been used previously it had caused an unsightly efflorescence on the wall wherever 
there had been seepage. The plastering was omitted as we considered that апу rigid 
coating upon this mixture of concrete was unnecessary ; but instead, we applied three 
coats of soap and alum solution, to fill pinholes due to air bubbles, etc. 

The thickness of wall at the base was determined as follows. We assumed that 
à I:1:2 concrete in tension was good for approximately 400 Ib. per sq. in., that the 
working stress in the steel, if by any chance the full tension was thrown upon it, 
would be 16,000 Ib. per sa. in., and that the ratio of moduli of elasticity between steel 
and concrete was то, so that if the concrete was stressed to 300 lb. per sq. in. the 
steel would be stressed to 3,000. The tension at the base of a standpipe 46 ft. in 
diameter and тоф ft. in height when filled with water would be 62} bv тоф bv 23. 
equal to 149,500 Ib. per ft. in height. At 16,000 lb. per sq. in. this would require 
Q33 sq. in. of steel per foot in height at the base, which was the section used. We 
made the thickness of wall 36 in. at the base, the sectional area of concrete being (36 
by 12)—935, equal to 422/65 sq. in. 

Let X equal unit stress in concrete, and тоХ the unit stress in steel, then 
422: 653X + 0935 (10N) = 149,500 lb. ; solving, X equals 290 lb., which was considerably 
lower than the ultimate strength of доо 1b. which we assumed. As we could find 
no tests of concrete in tension, we decided to have some made of large-sized briquettes 
at the Watertown Arsenal. We thereupon ordered our superintendent of construction 
on the Rockland job to make up some briquettes of special design, having a minimum 
cross section 4 in. square. These briquettes were made of the same material and 
in the same manner as the concrete was made for our regular work, the 1:1:2 
concrete being taken from the mixture while the regular work was going on. 

We also made twelve 6-in. cubes for testing the compressive strength of the same 
concretes. The test pieces were made between August ist. and September. 8th, 
and the tests were made sixty days thereafter, between October 29th. and 
November rth. The average tensile strength of the 1:2:4 concrete was 113 Ib. 
per sq. in., of the 1: 15: 3, 202 lb. per sq. in., and of the 1: 1:23, 281 lb. per sq. in., 
there being no great variation from this average in any one of the tests. The average 
compressive strength of the cubes were as follows: 1:2:4, 2,280 lb. per sq. in.; 
1: th:3, 3,057; 1: 1:2, 4.845. Upon examination of the fractured tension pieces it 
was evident that the increasing ratio of tensile strength when the richness of mixture 
was increased was due to the larger amount of mortar in cross seciion in the 1: 1:2 
concrete. As this concrete showed very few stones at the fraciured. section, while the 
1:2:4 concrete showed a large number, it was plain that the adhesiveness of the 
mortar to the stones was not equal to the cohesiveness of the mortar. 

In regard to the tensile specimens the engineer in charge of the test remarked 
that ** No change in the specimens was observed until rupture occurred, This took 
place quietly on a plane approximately perpendicular to the axis of the specimens 
and followed the surface of the gravel in nearly. all cases." 

From the results obtained we checked our previous assumptions. The average 
tensile strength of 1: 1:2 specimens was 281 Ib. per sq. in. We assumed that in 
large-sized sections this possibly would be increased 25 per cent., and that if these 
sections were reinforced by steel, that a further increase in strength of at least 10 per 


cent. might be expected. | | 
Our first assumption was made by reason of the fact that large-sized specimens 
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in compression usually showed about this percentage of increase over small ones, 
and our later assumption was based on the following theory. 

If an unreinforced seciion is subjected to tension, when its ultimate strength is 
approached a crack will develop at the line of least resistance, and the fracture will 
always occur at this point. If the section is reinforced, the ultimate fraciure will 
not necessarily be at the point where the first crack developed, as the straina would 
be distributed nearly equally over the entire section by the reinforcing steel, and the 
fracture would take place at a plane in which was located the resultant of a number 
of weaker areas of concrete. 

We, however, assumed our original figure of 281 lb. increased bv first 25 per cent. 
and then то per cent., making a tensile strength of 386 Ib. per sq. in., which was 
probably nearly its actual value in the wall. It has been previously shown that the 
maximum tensile stress in the concrete would be 274 lb. per sq. in., and the corre- 
sponding tensile strength in the steel 2,740 lb., so that there would be a margin. of 
about 40 per cent. left for a factor of safetv in the concrete without approaching the 
limitation on the sieel. If, however, our assumptions had been wrong and no tensile 
stress whatever was taken by the concrete, which would be unreasonable, then we 
still had steel enough to take all the stress at 16,000 lb. per sq. in. or its ordinary 
working value. 

Applving this same line of reasoning to the Manchester reservoir, it is found that 
the tension at the base if divided proportionately between the steel and the concrete 
would be approximately 3,500 and 330 lb. per sq. in. respectively. We have assumed 
that the ultimate tensile strength of the 1 : 1} : 3 concrete would be 202 +25 per cent. 
+10 per cent., equal to 278 lb. per sq. in., so that it is evident that the tensile strength 
of the concrete of the reservoir wall is exceeded, and that the vertical cracks developed 
might be expected. 

We further find that at a point 25 ft. up the tensile strengih of the concrete plus 
the tensile stress in the steel just equals the stress due to water pressure at this point, 
and it was at aoout this place that the vertical cracks in the plastering disappeared. 

There was never any trouble with the Lisbon Falls reservoir. A few damp spots 
appeared at first on the surface, but these soon disappeared. This reservoir is 62 ft. 
high and бо ft. diameter, and the walls are 20 in. thick at the base; 1: 1$: 3 concrete 
was used, and a 12,000 Ib. per sq. in. working stress on the steel was assumed. The 
assumptions previously made would show a stress in the concrete of 235 Ib. per sa. in. 
and 2,350 lb. per sq. in. in the steel. This stress in the concrete being less ihan its 
ultimate strength, we did not expect to find any vertical cracks with a resultant leakage. 

It is hard to sav just what factor of safety against bursting there is in a concrete 
reservoir. We are, however, working on the side of safety in making the walls thick 
instead of thin. E | 

In view of the experience the writer has had, and from all the outside information 
he has gained, he would certainly recommend a careful consideration of the subject 
before using very thin walls on coacrete reservoirs of considerable height. 
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AT HOME AND ABROAD. 


Under this heading reliable information will be presented of new works in course oy 
construction or completed, and the examples selected will be from all parts of the world. 
It ts not the intention to describe these works tn detail, Fut rather to indicate their existence 
and illustrate their primary features, at the most explaining the idea which served as a basis 
for the design. —ED. 


FOUNDATIONS FOR PERTH CITY HALL. 


Borixcs having shown the formation of site for the Perth City Hall to be filled-in 
ground, overlaving a laver of black alluvial mud, beneath which was ballast (the 
original bed of the Tav), it was at first proposed to construct a raft foundation framed 
of steel girders encased in a slab of concrete. The advantages of cast-in-place concrete 
pies were, however, brought before the architect, who decided to consider a proposal 
based on this method of construction as an alternative to the raft. "Tenders were 
obtained for both methods, and the piled scheme proved slightlv the cheaper, but 
its superiority in all other respects probabty led to its adoption quite apart from the 
consideration of price. 

Two hurdred and thirtv piles of lengihs varving from 14 ft. to 24 ft. were driven, 
cach pile being 16 in. diameter, and reinforced with a r-in. diameter steel bar placed 
in centre. The driving of the piles showed the soil to be exceptionally soft mud in 
places, while at other points fairlv stiff ground occurred all the way down to the 
ballast, into which the piles penetrated about 3 ft. on an average. 

A raft foundation on such ground would have been a risky method of construction, 
owing to the want of uniformity in the resistance offered bv the soil. Some difficulty 
was anticipated in connection with the rather dilapidated properiv surrounding the 
site (to be cleared away later by the formation of two new streets), but although the 
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pile driver had to work close against several old walls badly cracked and out of 
plumb, no damage whatever was done by the piling. 

A reinforced concrete capping was constructed on top of the piles forming a 
continuous girder underneath all wal!s, the reinforcement being placed so as to 
properly tie together the pile heads. 

The architect for the work was H. E. Ciifford, Esq., F.R.1I.B.A., Glasgow, and 
the entire foundations were designed and carried out bv Messrs. J. and W. Stewart, 
of London, Glasgow, Belfast and Dublin. 


REINFORCED CONCRETE RETAINING WALL IN QUEEN VICTORIA 
STREET, LONDON, E.C. 
Last month we illustrated a reinforced concrete retaining wall at the Royal Insurance 
offices in the City, and this month Messrs. D. G. Somerville and Co. send us particulars 
of a somewhat similar construction they recently carried out at Messrs. Mappin aad 
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View in Course of Construction. 
REINFORCED CONCRETE RETAINING WALL IN QUEEN VICTORIA STREET, LONDON, Е.С. 


Webb's premises at the corner of Queen Victoria Street and Cheapside. This corner, 
one of the busiest in the Citv, was entirely underpinned, and an extensive retaining 
wall and vauiting constructed, without in any wav interfering with the traffic. 
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REINFORCED CONCRETE RETAINING WALL. 


A feature of this construction was the cantilever slab, springing from the top 
of the retaining wall, carrying the pavement and finishing with small upstand which 
forms curb for pavement lights. The work, in view of the cramped working space 
and immense number of electric conducts, water mains, hydraulic pipes, etc., and the 
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PLAN OF RETAINING WALL. 


REINFORCED CONCRETE RETAINING WALI. IN QUFEN VICTORIA STREET, LONDON, Е.С. 
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absolute necessity of not disturbing the traffic, presented great difficulties, but it was 
carried out successfully in a very short space of time. 

The plan on this page shows the extent of the wall and vaults, while the section 
illustrates the cantilever which supports the pavement. This cantilever slab, extending 
6 ft. 3 in. from the wall, is entirely unsupported, and is not in any way connected to 
the steel columns which carry the building. The wall itself, which retains the street, 
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is 18 in. thick at base, tapering to 16 in. at top. When the enormous traffic of heavy 
motor vehicles is considered, the advantages of reinforced concrete are easily seen. 

In addition to the mass of existing supply pipes which are clearly shown in the 
illustration on page 956 of the wall in course of construction, heavy timber shores, 
hoding up the timbering, passed through the wall every 4 ft., and had to be boxed 
round as the concrete was placed in position. When the concrete was sufficiently set 
the struts were withdrawn and the openings made good. The underside, back of 
wall and top of s!ab forming the cantilever were asphalted on removal of the cenicr- 
ing; and to give some idea of the difficulty of working space, special small-statured 
men had to be picked to do the work, there being only 18 in. of working room 
between the reinforced concrete wall and the timbering holding up the ground. 

Indented bars, supplied by the Indented Bar and Concrete Engineering Co., Ltd., 
were used throughout for reinforcement, Alex. Drew, Esq., being the consulting 
engineer. 

The architects for the building were Messrs. Belcher and Joass, Messrs. D. G. 
Somerville and Co., of 116 Victoria Street, Westminster, being responsible for the 
reinforced concrete work. 


FOOTBRIDGE OVER RIVER SOWE, STAFFORD. 


THe Town Council having recently laid out Ornamental Pleasure Grounds on each 
side of the River Sowe, it was thought desirable to connect the two sections by means 
of a footbridge, 

As the stretch of river passing through these grounds forms a very pleasing 
feature from the Victoria Road, which is the principal approach from the railway 
station to the centre of the town, it was imporiant that care should be exercised in 
deciding upon a tvpe of bridge which would be in keeping with and not detract from 
the beauty of the landscape. 

It was also important that ample headroom should be provided under the centre 
of the bridge to enable decorated boats used in the water carnivals held on the 
river to pass under. As the river banks are only 18 in. above water-level, this head- 
room could not readily be obtained with a bridge having a horizontal sofhit. 

Schemes for various types of bridges were prepared, including a bowstring-gird-r 
bridge and a suspension bridge. A reinforced concrete elliptical-arched bridge, with 
pierced parapets, was eventually decided upon. An iliustration of this bridge forms 
the frontispiece to this issue. 

The bridge, including the abutments, decking parapets and end piers, is cor- 
structed entirely of reinforced concrete; it has a clear span of 56 ft., and is 6 ft. 
between the parapets, which latter are 3 ft. 6 in. high. The distance from the 
surface of the water to the soffit of the arch in the centre is 6 ft. 2 in. 

As the subsoil for a considerable depth consists of soft peat, each abutment is 
supported on four reinforced concrete piles 14 in. square and 18 ft. long. 

The bridge was designed to withstand a distributed load of 1 cwt. per foot super, 
and when the test load was applied the instruments showed a total deflection of yo th 
of an inch, which disappeared when the load was removed. 

The bridge has been built to the plans and under the supervision of Mr. W. Plant, 
A.M.Inst.C.E. The contractors for the work were the Yorkshire Hennebique Con- 
tracting Co., Ltd., of Leeds. The rendering of the whole of the exposed surfaces 
of the bridge was sublet to Messrs. James Morgan and Sons, a local firm. The 
reinforced concrete details were prepared by Messrs. Mouchel and Partners on the 
Hennebique principle. 

Notwithstanding the fact that all unnecessary ornamentation was eliminated on 
the score of expense, the general lines of the bridge are very pleasing, as will be seen 
from our frontispiece, and it is generally admitted that the landscape has in no way 
suffered by the introduciion of the bridge, but that it has been considerably improved 
thereby. 


REINFORCED CONCRETE SHED AT THE LONDON DOCKS. 


THis new shed is being constructed on the North Quay for the Port of London 
Authority, and represents a building scheme of some magnitude. The Hennebique 
system of reinforced concrete has been adopted, and there is no doubt that such a 
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REINFORCED CONCRETE SHED. 


View of Buildinz in Course of Erection 
REINFORCED CONCRETE SHED AT THE LONDON Docks. 


shed is about 1,260 ft. and about two-fifths of the scheme js practically complete ; 
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the width of the site being 64 ft. 6 in., and the height of the building to the top of tke 
reinforced conerete work from the dock bottom is 55 ft. 6 in. 

The building itself is divided into five compartments, two of which measure 240 fi. 
long and three are 260 ft. long, these compartments being separated bv brick walls 
havirg fire lobbies to ensure complete isolation in case of fire. There are two floors— 
viz., a ground floor at a height of 8 ft. 10 in. frem the water-line, having a quay 
15 ft. wide rext the dock; and a first floor, which sets back to form a balcony 
то ft. 6 i2. wide at a height of 16 ft. 2 in. above the quay, thus allowing goods io 
be easily transferred from the vessels to either flour in one operation with the 
travelling cranes which will be situated oa the quay. Owing to the nature of the 
sie, W hich adjoins the water, it Was necessary to emplov pile “found: ations, and thes: 
are about 16 in. square, reinforced with four round bars well tied with links at about 
4-in. pitch. 

There are about 480 pies in all, and those carrying the front of the quay are 
spaced at about 9 ft. 2 in. or 11 ft. 3 in. centres, being br: iced both longitudinally and 
crosswitvs, ‘The depth of water in which they stand is about 20 ft... and thev are 
driven down for a distance of about 15 fi. below the dock bottom, this with their 
height above the water giving them a total length of about 44 ft. The floor of the 
quay was formed with 51 inches of reinforced concrete and 6 inches of plain concrete, 
this method a'lowing the rails for the travelling cranes to be placed on the top of the 
reinforced concrete, with the plain concrete filling around to give a level surface. 
The face of the quay is protected bv 12-in. square pitch-pine fenders and bumping- 
posts to prevent damage by vessels. 

The pte foundations under the building itself consist of similar piles driven ia 
pairs at about 18 ft. 5 in. and 22 ft. 6 in. centres through the longitudieal dire econ, 
there being three rows of these across the buiding. The columns supported bv these 
piles are r4 in. square, reinforced with four 12-in. bars, with steel links at 4-1n. 
pitch. The angles of these columns are protected for a height of 3 ft. 6 in. from the 
foor-level by 3 in. x 3 in. x 2 in. angle steels, let into. the conereie to form a flush 
surface. The floor above is constructed with mai: beams 32 in. x 13 in. and 22 in. x 
10 in., secondary beams 16 in. x 8 in. at 5 ft. 4 in. centres, and floor slabs 4 in. thick, 
exclusive of the 2-in. granolithic finish. The reinforcement of the stabs consists of 
ł-in. bars at 5i-in. centres, the alternate bars being turned up and passed over the 
beams, wich j45&-in. bars at right angles to the main reinforcement at 12-1п. centres. 
Access to the upper floor is provided direcily from the external air only by means cf 
spiral reinforced concrete staircases completely shut off from the ground Псог. These 
steps were cast on the site and afterwards built in position, the read aad riser face 
being moulded in one operation, and sirengthered with two steel bars. Tbe necessity 
for a good light on the top floor led to the adopiion of a saw-icoth roof, ard this 
is being constructed in steel without the use of concrete. The external and division 
walls are formed in brickwork, and concrete was only introduced trio the latter whet 
great sirength is require d to carry cranes, ete. The concrete was machise mixed in 
the following proportions :- For columns, beams, fleors and the like in the shed : Оле 
bas of cement (224 lb.), four and a half cubic feet of sand, nine cubic feet of 2ggre- 
gate. For all work in the quay : One bag of cement (224 ]b.), three and three-eighths 
cubic feet of sand, six and threc-auarters cubic feet of aggregate. 

The contractors for the work are Messrs. Jackman and Sons, of Slough. 


ST. JAMES'S HALL, STOCKTON, BUILT OF CONCRETE BLOCKS. 


Tue St. James's Hall, Stockton, illustrated on page 901, was erected. of concrete 
blocks throughout. It consists of one large room with a raised platform at one end. 
and has a seating capacity of 200 to 250 persons. 

The hall is 64 ft. long, 25 ft. wide, 12 ft. high to the eaves, and 77 ft. to the 
ceiling. The walls are made of 14-1n. hollow blocks, rock-faced on the ouside and 
plain ashlar on the inside. No plastering or other material was needed on the wals, 
the use of concrete blocks thereby saving the cost of plastering, skirtings, moulds, ete. 

The hall was opened on September 28th, and the structure has given universal 
satisfaction. It was designed by Mr. Arthur Harrison, architect, of Stockton, and was 
erected under his supervision. 
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St. James's HALL, STOCKTON. 
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The concrete blocks throughout were made with the Dring's Patent Building 
B:ock machines supplied by the Stockton Stone and Corcrete Co., Ltd., of Norton. 


Interior of Building. 
Sr. James's HALL, STOCKTON. 
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NEW USES FOR CONCRETE 


AT HOME AND ABROAD. 


Under this heading reliable information will be presented as to new uses to which concrete 
and reinforced concrete are put, with data as to experience obtained during the experimental 
stage of such new applications of these materials. The use of reinforced concrete as a 
substitute for timber in exposed positions is one of the questions of the moment. Railway 
sleepers, telegraph posts, fence posts, etc., of concrete are being tried. Similarly, efforts 
are at present being made to prove that reinforced concrete ts an excellent substitute for 
brickwork where structures of great height are required. —ED. 


REINFORCED CONCRETE CHURCH BUILT ON THE GROUND. 


THE accompanying illustrations show a novel method of reinforced concrete con- 
struction, which consists, from an account in The Scientific American, of casting the 
walls on the ground and then raising them into position by means of jacks. 

A series of jacks made of steel are set on the foundation wall and on piles inside 
of the building. These jacks consist of a supporting carriage, a pivoted walking beam, 
and a collapsible screw driven by a worm-gear and worm. A platform is laid on 
the jacks and on this platform are set in their proper relative positions all door 
frames, window frames and other openings. 

The concrete is poured around the openings thus established, and the reinforce- 
ment is easily and properly placed horizontally and vertically in its exact position in 
both inner and outer walls. It is possible to use bars, wire-mesh, or any other kind 
of reinforcement desired. The entire wall is poured at once, which can be done in a 
single day, even though the wall be 200 ft. long and three storeys high. 

After the wall is finished it is allowed to set for forty-eight hours, then a small 
gasoline engine or electric motor is connected with the driving shaft, and the wall 
rises from the inside slowly to its permanent vertical position. As soon as all the 
walls are placed the corners, where reinforcements from either wall project and inter- 
Icck, are poured and there is formed a complete monolithic, well-finished structure. 

The floors and roof of concrete, or of any construction desired, are then put in 


Raising the Wall. 


REINFORCED CONCRETE CHUKCH BUILT ON THE GROUND. 


NEW USES FOR CONCRETE. CONCRETE: 


place in the same way as in any other building. There are no forms used whatsoever 
in this wall construction, except the wooden jack platform, which is not destroyed, 
but is used over and over again. There is an air space provided by filling in with 
loose sand, which is rodded out when the concrete sets and. the wall is partially raised. 


The bui'ding above described was carried out by the Monolithic Concrete Con- 
struction Co., of Chicago. 
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The Wall Jacked up. 
REINFORCED*CONCRETE CHURCH BUILT ON THE GROUND. 


MEMORANDA. 


Memoranda and News Items are presented under this heading, with occasional editorial 
comment. Authentic news will be welcome.—ED. 


Concrete Institute Events.—The programme of the Fourth Session of the 
Concrete Institute has just reached us—i.e., some time after two of the most interest- 
ing events on that programme had taken place. We think that in future such 
announcements should take place not later than the end of September in each year. 

The programme of future events is as follows : 


December 14th, 8 p.m.—Paper by Mr. С. C. Workman, M.S.E., of London, on 
'" Some Recent Works in Reinforced Concrete.” 

January rith, 1912, 8 p. m.—Discussion of the Report of ihe Reinforced Concrete 
Practice Standing Committee, embodying suggestions on “ The Standardiza- 
tion of Drawings for Reinforced Concrete Work.”’ 

February Sth, 8 p.m.—Discussion of the Paper by Professor Beresford Pite, 
F.R.I.B.^., on “*“ The Aesthetic Treatment of Concrete," which was read at 
the summer meeting in June, 1911. 

March 14th, 8 p.m.— Discussion on the Interim Report of the Tests Standing 
Committee on “ The Testing of Concrete, Reinforced Concrete, and materials 
employed therein." 

April 11th, 8 p. m.—Subject to be subsequently announced. 

May gth.—Afternoon, 4.30 p.m.—Third Annual General] Meeting. 

Evening, 8 p.m.—Second Annual Dinner, at the Trocadero Restaurant, 
Piccadillv Circus, London. 


There are, apparently, no new papers promised for this session, excepting one 
bv Mr. С. С. Workman on recent works in reinforced concrete carried out by his 
firm (Edmond Coignet, Ltd.), all other events being devoted to subjects that have 
already been dealt with by the Institute for some considerable time past. We are 
glad to see that the second annual dinner has been arranged for members, and that 
this is to take place on May oth, and we trust it will have the same excellent attend- 
ance which the previous one enjoyed last summer. 


The British Fire-prevention Committee's Publications.— We understand that 
the British Fire-prevention Committee have decided to publish early next year an 
important illustrated tabular summary of the results of their official fire-tests, carried 
out on sixtv fire-resisting doors. These results cover an experimental period of twelve 
years, and practically embrace every type of door, from different varieties of ordinary 
wood and hardwood doors to the most modern forms of composite and reinforced 
concrete doors. The summary will be published at 4,2 2s. (net). Later next year a 
similar summary dealing with fifteen different tvpes of fire-resisting partitions will be 
published at ros. od. (net), these partitions including some of concrete and reinforced 
concrete respectively. These publications will be issued over and above the usual 
reports and well-known ** Red Books " of the Committee. 

It shou'd be pointed out that new subscribers to the Committee's publications 
enroled at this period will have the benefit of a number of publications of quite 
exceptional importance, as well as those regularly issued by the Committee in the 
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ordinary course, and it may therefore be of advantage to public authorities, professional 
men, and others to notify the Committee of their intended subscription at this stage. 

The subscription to the publications, which figures at £2 2s. per annum, allows 
for use of the Committee's enquiry office, obtaining back issues of the 150 “ Red 
Books ” already issued at special figures, as far as they are still in print, and also of 
the summarised results of twenty-eight fire-tests with fire-resisting floors. Enquiries 
as to publications should be addressed in writing to the Assistant Secretary of the 
British Fire-prevention Committee, 8 Waterloo Place, London, S.W. 


Advantages of Cement Mortar.— Cement nowedays enters so largely into build- 
ing operations, owing in a great degree to the general adoption of fire-resisting con- 
struction, that it is surprising to find so few architects and engineers who specify 
walling to be constructed in cement mortar. In the case of light piers, or piers designed 
to carry heavy loads, the value of cement is readily recognised, and these sections of 
the work are marked out for special treatment. When the structure is in course of 
erection, the difficulty naturally arises as to unequal settlement—an anxiety which 
could easily be avoided by carrying out the whole of the work in cement. The material 
is now manufactured bv first-class firms to such a high standard that it may safely 
be relied on, and if it be recollected that brickwork can bear twice the compressive 
strain when in cement than when in lime mortar, and that the difference in gross cost 
is at most 20 per cent., the actual saving incurred by using the latter material is not 
as substantial as is generally imagined. Building in cement, under normal conditions, 
frequently obviates the use of piers, and work can be proceeded with more expeditiouslv, 
while the elimination of settlement enables the vertical dimensions of any steelwork 
required to be calculated at once, and ordered directly the contract is signed, without 
the fear of having to make some readjustments at the last moment. Moreover, the 
walling is more durable and weather-proof. It would, therefore, seem a practical step 
to adopt cement mortar generally, except, perhaps, in those instances where every- 
thing has to be sacrificed to keep initial expenditure within the most strict and meagre 
himits.—The British Architect. 


Cost of Industrial Buildings.— A useful comparison given in a paper contributed 
by Mr. J. P. H. Perry to the National Association of Cement Users (U.S.A.) relates 
to the cost of reinforced concrete, protected steel-frame, and '' mill construction "’ 
factory buildings. The figures quoted were furnished by the tenders for buildings 
erected in various parts of the United States. Neglecting '' mill construction," which 
finds no exact counterpart in this country, Mr. Perry's data show that the cost of 
reinforced concrete ranges from 2:8 to 13 per cent. less than that of fire-protected steel, 
the exterior walls being assumed to be of equal value. 

The author justly urges, however, that initial outlay is not the only consideration, 
and that owners should also take into account the fixed annual charges, including 
interest, insurance, depreciation, the effects of vibration, and sanitation. Some 
saving in the first two items can probably be effected by reinforced concrete, and as 
the depreciation of the same material is not more than about o'5 per cent. per annum, 
maintenance charges ought to be considerably reduced, while they would be vastly 
less than in buildings where stcelwork is exposed to the air. 

Freedom from vibration is one of the chief points of superiority characterising 
reinforced concrete as compared with steel-frame construction, and on this count 
Mr. Perry estimates the saving in machinery repairs to be one weil worth attention. 
Among hygienic advantages he places resistance to the attack of vermin, and increased 
facilities for the admission of light. 

Taking all things into account, the author urges that it would pay owners to adopt 
reinforced concrete even if the initial cost of the building were higher than that of 
a protected steel structure, and that the advantages of reinforced concrete construction 
are still more pronounced when compared with buildings erected in accordance with 
ordinary methods. The question is one quite deserving inquiry.—The Builder. 


Extensions to Hydro, Harrogate.— Extensive additions are about to be made 
to the Cairn Hvdro at Harrogate by the erection of an extra wing thereto, 
designed by Messrs. Bland & Bown, of Harrogate, in which reinforced concrete 
will be the predominating feature. The contract for this work has been obtained by 
the British Reinforced Concrete Engineering Co., Ltd., of Manchester. 
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New Reservoir for the Liverpool Corporation Waterworks. — The new 
reservoir for the Liverpool Corporation Waterworks will consist very largely of 
concrete, and when finished will have a capacity of over four million gallons. 

The contract for the carrying out of this has been let to Messrs. Jowett Bros., of 
Burscough, after reinforced specialists had prepared schemes for same in accordance 
with the Liverpool Waterwerks Engineer's instructions. 

New Co-operative Stores, Cleckheaton.—The Yorkshire Hennebique Company, 
of Leeds, have obtained the contract for the reinforced concrete work in the New 
Co-operative Stores that are to be erected at Cleckheaton. 


Reinforced Concrete Verandah.— А reinforced concrete verandah is to be erected 
on the west side of the Hótel Métropole at Blackpool, in accordance with the require- 
ments of the borough authorities. 


Reinforced Concrete at St. Helens.— Messrs. Pilkingion Bros., Ltd., owners 
of the St. Helens Glass Works, contemplate making considerable additions thereto, 
and firms engaged in reinforced concrete work have been asked to submit scheme and 
estimates for the carrying out of such work. 


Cheapness of Concrete Schools.— The real value, showing the actual cheapness, 
of concrete has again been most stronglv emphasised in the Liverpool district, when 
recently new schools were erected at Walton at a cost of from £8 to £9 per head per 
scholar against what has been the average cost of from £11 to 12 per head when 
buildings have been erected in brick and stone materials. 


Cost of Church Bullding.— The above subject has recently been very much dis- 
cussed in The Manchester Guardian, wherein Sir W. Holdsworth has been advocating 
the possibility and probability of erecting such at a cost of something like £7 per 
person to be accommodated. It is surprising how slow architects generally are to 
adopt reinforced concrete for church work, as we have given instances from time to 
time, notably in the Free Church at Hampstead, of the economy and efficiency of 
reinforced concrete for such structures. 


Reinforced Concrete Design.— The prizes of the Leeds and Yorkshire Architec- 
tural Society were presented at their last meeting, when that for construction was 
awarded to Mr. W. Volkel for a design in reinforced concrete for an entrance hall 
and main staircase to a public building. His design was considered to show great 
merit and usefulness, and demonstrated to what immense advantage reinforced concrete 
can be applied in works of this kind. 

Influence of Transport on the Properties of Concrete. — А novel industry lately 
originated in some German cities is the preparation and supply of ready-mixed mortar 
and concrete. These materials are prepared in special works and transported thence 
to building works in progress. There can be no doubt that the plan of mixing under 
expert supervision should be beneficial in itself ; while, on the other hand, it is to be 
feared that the delay inseparable from loading, transport and delivery may affect 
the setting of the mortar and concrete, and that the jolting of concrete on the way 
from the mixing works may cause segregation of the constituents. In order to 
obtain reliable data on the two points in question, tests have been conducted on a 
series of specimens of concrete taken before and after transport. According to the 
results furnished by the tests, it appears that the transport of concrete actually 
increased the strength of the material by about 15 per cent., the increase being more 
noticeable in cases where aggregate with sharp edges had been employed. We are 
reluctant to accept this conclusion for general guidance, and, besides, it is highly 
probable that in ordinary practice delays would occur in delivery, presenting con- 
sidcrable risk of inferior work.—The Butlder. 


Designing a Concrete Construction Plant.— Mr. Sanford E. Thompson, the 
well-known Amcrican consulting engineer, and an associate of Frederick УУ. Taylor 
in the application of scientific management to construction plants, says of the 
designing of a concrete plant : 

“On all work of such magnitude as to make the use of a concrete machinery 
mixing and handling plant expedient, it is of great importance in the matter of speed 
and economy to have the entire plant well designed and planned out to the best 
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advantage. And this design must of necessity vary according to the nature of the 
work, the way in which raw materials can be brought to the plant, the natural features 
of the ground where the plant is to be located, the cost of materials delivered on the 
job for constructing the plant, the time in which the work must be completed, the 
amount of money there is in the job, and any special conditions that may exist in 
connection with the work. Even where the general features of the plant are practically 
the same for two different jobs the details are usually more or less at variance. 
Therefore, it means careful and thorough study and efficient planning effectively to 
meet the conditions, so as to prevent waste of money and to decrease cost. The 
design of the plant for handling the raw materials for concrete and for conveying 
the concrete to place usually has more to do with economy in mixing than the par- 
ticular type of mixing machine. As there are plenty of good mixers, engines and 
other machinery on the market, the particular make used is, in a measure, a matter 
of personal choice, or is determined by what can be economically had at any given 
location, either new or bought from some previous job. The proposed plant should 
be drawn or sketched on paper, and the cost and expense of installation, as well as 
of operation, estimated as accurately as possible, so as to determine whether the volume 
'of concrete to be laid is sufficient to warrant the construction and operating expensc. 
‘The authors have seen expensive machinery, which could not be transported readily 
to another job, installed on a section of work where hand-mixing would have been 
actuallv more economical because of the small total volume of concrete and its 
distribution over a large area. Usually the important points to plan for are what 
shall be used for handling the machinery and the concrete: whether cableways ; belt 
conveyors ; elevators of various kinds; cars hauled bv dinkies, by horses, or by hand 
on level tracks ; cars hauled by cable on inclines or derricks ; whether trestles shall 
be built, and to what extent; whether the mixers can be so located that raw material 
can be dumped direct to bins from standard gauge cars ; whether the mixing plant 
shall be mounted complete on trucks or cars ; or whether some special combination 
of a part or all these shall be used. The minimum amount of concrete that will make 
it advantageous to instal a machinery mixing and handling plant is variable, 
depending on the nature of the work and local conditions to such an extent that it 
must be carefully figured out for cach. On some jobs зоо cu. yds. would be the 
minimum, while on others it might possibly be as high as 1,500.” 


TRADE NOTICES,.'ETC. 


Hydrofuge Castor Waterproofing. — Messrs. H. Elliott & Co., of County Bank 
Chambers, Ealing, London, W., have recently brought to our notice their Hydrofuge 
Castor, which is a liquid bituminous product, for mixing with cement and sand in 
concrete and plaster work, and which the makers claim renders these absolutely 
waterproof, even when subjected to the highest pressure. 

The principal advantages put forward for Hvdrofuge Castor waterproofing is that 
it stops up cracks and fissures, prevents efflorescence entirely, and adheres perfectly 
to old work. It withstands the injurious influences of salt and acidulated water, and 
permits of painting and papering being done after a verv short time. 

It should be extremely useful for underground railways, tunnels, subwavs, and 
viaducts, as it dries up underground premises liable to damp and floods, also for 
foundation dampcourses, covering damp walls, fronts and gables exposed to heavy 
rain; for waterproofing sea- and water-works, water channels, dams, canals, etc. It 
is also used for floors, walls, and vats of breweries, tanneries, dvehouses, stables, 
washing-rooms, and for all sanitary and hygienic installations. 

For years it has been a matter of deep study on the part of engineers, architects, 
and others to discover a means of preventing the inroads of damp, and the consequent 
rusting of the metal in reinforced concrete structures, but the proprietors of Hydrofuge 
Castor boldly claim that their material is specially suitable for this purpose, and 
forms an absolutely permanent waterproof coating, which can be applied to existing 
structures at a very moderate cost. This is a claim the importance of which will be 
recognised bv the whole building world, and it would seem that this new material 
is destined to become a most important factor in reinforced concrete work generally. 
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The method of using Hydrofuge Castor is extremely simple, and, moreover, very 
economical, as a small proportion of the castor is required to make the mortar or 
concrete permanently waterproof. The directions for use are as follows : 


PROPORTION.—To every 100 lbs. of Portland cement allow 5 lbs. of Hydrofuge Castor. 
It is prepared and applied like any ordinary plastering. 


EXAMPLES. 
100 lbs. cement Two to three coats. Total 
1. ды Нот UK Е, to heavy or ) 300 lbs. sand ) thickness, è to à of an 
B 5 lbs. castor inch 

2. For works in contact with water, but ) 100 lbs. cement ) ; 

not subject to pressure, such as +200 lbs. sand | Жы үе Pri чайны по{ 

floors, arches, &с. 5 lbs. castor 
3. For works exposed to pressure, such ) 100 lbs. cement ) : 

as cellars, sea-works, reservoirs, 1100 lbs. sand » Three с each being үз of 

&c. ) 5 Ibs. castor an inc 


Messrs. Elliott & Co. will be pleased to post full descriptive pamphlets to all 
interested in this material. 

Messrs. Richardsons, Billiter Square Buildings, London, E.C., have, we under- 
stand, just been appointed London representatives of Messrs. Tait & Co., Kobe, 
Japan, who are opening an engineering department. 

Firms desirous of finding a market for their manufactures in Japan and the 


East should send their catalogues in duplicate to Messrs. Richardsons’ Export 
Department. 
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Flat-based Concrete Pipes 


Three feet long to Nine feet long. 


Breeze Partitions Porous Pipes 


Reinforced Sleepers Concrete Beams 


Telegraph Poles Hollow Floors 


SPECIALITY :—INVENTORS' DESIGNS CARRIED OUT TO ORDER. 
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